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Pisa, Tuscany, central Italy — Galileo’s birthplace 





The birthplace of Galileo 
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Drawing of Pisa in the Renaissance, c. 1540 





THE STARRY MESSENGER 








Translated by Edward Stafford Carlos The Oxford English Dictionary defines 
genius (noun) as the “innate intellectual or creative power of an exceptional or 
exalted type, such as is attributed to those people considered greatest in any area 
of art, science, etc.; instinctive and extraordinary capacity for imaginative 
creation, original thought, invention, or discovery”. The modern media, with 
their love of superlatives, have devalued this term, but its original meaning 
remains unsullied in academic circles. There are few genii in our history, but 
perhaps the first that is universally recognised was Leonardo da Vinci (15" April 
1452 — 2™ May 1519): a true genius and polymath — scientist, artist, inventor - 
with footprints in almost all areas of academic endeavour — including painting, 
sculpture, architecture, music, literature, science, mathematics, engineering, 
anatomy, geology, astronomy, botany, writing, history, and even map making. 
He was the archetype of Renaissance man. A century later, another genius was 
born in Italy - Galileo Galilei (15" February 1564 — 8" January 1642; see Figure 
1) - astronomer, physicist, engineer, philosopher and mathematician. Albert 
Einstein and Stephen Hawking — two modern genii - credit him with being the 
progenitor of modern science, and his work had a profound influence on Sir 
Isaac Newton, laying the basis of his Laws of Motion, and later Einstein’s 
Theory of Special Relativity. 


Galileo’s first landmark book was published, in Latin, in 1610 (see Figure 2), 
revolutionising the science of astronomy. It was entitled Sidereus Nuncius: this 
is translated variously as Sidereal Messenger (see Figure 3), Starry Messenger, 
or Sidereal Message (the most accurate translation). It was the first astronomical 
book based on observations made with a telescope, and included studies of the 
moon, and of hundreds of previously unobserved stars. Galileo built his own 
telescope for this study, improving on the design available at the time. His 
observations of the moon (Figure 4) resulted in his deducing the existence of 
mountains and valleys on the lunar surface. His observations of the stars, 
especially the constellations of Orion (Figure 5) and the Pleiades (Figure 6) 
resulted in the number of observable stars being up to ten times the number 
previously observed. He also examined the Milky Way, and his comments, 
reproduced here, are both elegant and perceptive. “I have observed the essence 
or substance of the MILKY WAY circle. By the aid of a telescope anyone may 


behold this in a manner which so distinctly appeals to the senses that all the 
disputes which have tormented philosophers through so many ages are exploded 
at once by the unquestionable evidence of our eyes, and we are freed from 
wordy disputes upon this subject, for the GALAXY is nothing else but a mass of 
innumerable stars planted together in clusters. Upon whatever part of it you 
direct the telescope straightway a vast crowd of stars presents itself to view; 
many of them are tolerably large and extremely bright, but the number of small 
ones is quite beyond determination.” 

Another key feature of this landmark volume is the discovery of the moons of 
Jupiter, which Galileo referred to as “Medicean Stars”, named for the four 
Medici brothers. He wrote: “I therefore concluded, and decided unhesitatingly, 
that there are three stars in the heavens moving about Jupiter, as Venus and 
Mercury round the Sun; which at length was established as clear as daylight by 
numerous other subsequent observations. These observations also established 
that there are not only three, but four, erratic sidereal bodies performing their 
revolutions round Jupiter, observations of whose changes of position made with 
more exactness on succeeding nights.” ‘They are now known as “Galilean 
moons”, and named Io, Europa, Ganymede, and Callisto (all lovers of Zeus, or 
Jupiter) by Simon Marius (who independently discovered them a few days after 
Galileo). 

And so the seeds were sown. Enlightened scientists, philosophers and artists 
greeted Sidereus Nuncius with acclaim. But many rejected the findings, 
ascribing them to lens defects in the telescope, and denied the existence of 
Jupiter’s moons. Independent verification of Galileo’s observations soon 
followed, confirming his conclusions that four moons orbited Jupiter. 

Naming the moons after the Medici brothers moved the content of the book 
from scientific discourse to a political issue. Moreover, this book challenged the 
Church’s position — the proof that the Milky Way consisted of a multitude of 
stars, and not “the fiery exhalation of stars” (the Aristotelian view), that Earth’s 
moon was not a perfect sphere, and his belief in the absolute truth of the 
Copernican heliocentric system (already downgraded to a hypothesis by the 
Church) were all seen to challenge scripture. 

In the current post-truth (relating to, or denoting, circumstances in which 
objective facts are less influential in shaping public opinion than appeals to 
emotion and personal belief) era, we see a parallel for Galileo’s situation. In 
contradiction to the compelling weight of scientific evidence, in 1616 or 2016, it 
is possible to ignore or arbitrarily select data and arguments, and come to 
whatever conclusion you desire. Post-truth, then as now, is a weapon of 
ignorance and superstition, wielded by unscrupulous politicians and religious 


leaders. Whether it is a Church unwilling to accept a heliocentric system, 
creationists, or climate-change deniers, the same forces of ignorance and bigotry 
pervade public opinion. 





Figure 1: A painting of Galileo Galilei (1636) by Justus Sustermans (1597-1681), currently displayed in 
the National Maritime Museum, Greenwich, London. 





Figure 2: The title page of Sidereus Nuncius, published 13 March, 1610. 





Figure 3: The title page of' ‘The Sidereal Messenger’, published 1880. 


CONTENTS 


PREFATORY NOTE. 

INTRODUCTION. 

THE ASTRONOMICAL MESSENGER 

A PART OF THE PREFACE TO KEPLER’S DIOPTRICS FORMING A 
CONTINUATION OF GALILEO’S SIDEREAL MESSENGER. 
ENDNOTES. 





Figure 4: A composite of Galileo’s sketches of the moon from ‘Sidereus Nuncius’ 
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Figure 5: The Belt and Sword of the Orion Constellation. According to Galileo, “The well known or old 
stars, for the sake of distinction, I have depicted of larger size, and I have outlined them with a double line; 
the others, invisible to the naked eye, I have marked smaller and with one line only.” 
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Figure 6: The Pleiades Constellation. According to Galileo, “The well known or old stars, for the sake of 
distinction, I have depicted of larger size, and I have outlined them with a double line; the others, invisible 
to the naked eye, I have marked smaller and with one line only.” 


PREFATORY NOTE. 


About five years ago I was engaged in preparing a catalogue of the ancient 
books which belong to Christ’s Hospital. One portion of these books consisted 
of a collection of ancient mathematical works presented at various times for the 
use of that part of the school which is known as the Royal Mathematical 
Foundation of King Charles II. Amongst them were some well known by name 
to every mathematical student, but which few have ever seen. Perhaps the most 
interesting of them all was a little volume, printed in London in 1653, containing 
Gassendi’s Explanation of the Ptolemaic and Copernican Systems of Astronomy, 
as well as that of Tycho Brahe, Galileo’s Sidereus Nuncius, and Kepler’s 
Dioptrics. I found Galileo’s account of his astronomical discoveries so 
interesting, both in matter and in style, that I translated it as a recreation from 
school-work. I venture to think that others also will be interested in following 
Galileo through the apprehension of his famous discoveries, and in reading the 
language in which he announced them. 


INTRODUCTION. 


In 1609, Galileo, then Professor of Mathematics at Padua, in the service of the 
Venetian Republic, heard from a correspondent at Paris of the invention of a 
telescope, and set to work to consider how such an instrument could be made. 
The result was his invention of the telescope known by his name, and identical 
in principle with the modern opera-glass. In a maritime and warlike State, the 
advantages to be expected from such an invention were immediately recognised, 
and Galileo was rewarded with a confirmation of his Professorship for life, and a 
handsome stipend, in recognition of his invention and construction of the first 
telescope seen at Venice. In his pamphlet, The Sidereal Messenger, here 
translated, Galileo relates how he came to learn the value of the telescope for 
astronomical research; and how his observations were rewarded by numerous 
discoveries in rapid succession, and at[viii] length by that of Jupiter’s satellites. 
Galileo at once saw the value of this discovery as bearing upon the establishment 
of the Copernican system of astronomy, which had met with slight acceptance, 
and indeed as yet had hardly any recommendation except that of greater 
simplicity. Kepler had just published at Prague his work on the planet Mars 
(Commentaria de motibus Stelle Martis), on which he had been engaged 
apparently for eight years; there he heard of Galileo’s discoveries, and at length 
was invited by Galileo himself, through a common friend, Giuliano de’ Medici, 
ambassador of the Grand-Duke of Tuscany, Cosmo de’ Medici II., to the 
Emperor Rudolph II., to correspond with Galileo on the subject of these 
discoveries. The Emperor also requested his opinion, and Kepler accordingly 
examined Galileo’s Sidereal Messenger in a pamphlet, entitled A Discussion 
with the Sidereal Messenger (Florence, 1610). 

In this Discussion Kepler gives reasons for accepting Galileo’s observations 
— although he was not able to verify them from want of a telescope — and 
entirely supports Galileo’s views and conclusions, adducing his own previous 
speculations, or pointing out, as in the case of Galileo’s idea of earth-light on the 
moon, the previous conception of the same explanation of the phenomenon. He 
rejects, however, Galileo’s explanation of the copper colour of the moon in 
eclipses. Kepler ends by expressing unbounded enthusiasm at the discovery of 
Jupiter’s satellites, and the argument it furnishes in support of the Copernican 
theory. 

Soon after, in 1611, Kepler published another pamphlet, his Narrative, giving 
an account of actual observations made in verification of Galileo’s discoveries 


by himself and several friends, whose names he gives, with a telescope made by 
Galileo, and belonging to Ernest, Elector and Archbishop of Cologne. Kepler 
and his friends saw the lunar mountains and three of the satellites of Jupiter, but 
failed to make out any signs of the ring of Saturn corresponding to the imperfect 
description of Galileo. 

Kepler had previously published a treatise on Optics (Frankfort, 1604). He 
now extended it to the consideration of the theory of the telescope, and explained 
the principle of Galileo’s telescope; he also showed another combination of 
lenses which would produce a similar effect. This was the principle of the 
common astronomical telescope, often called, from this circumstance, Kepler’s 
telescope, though he did not construct it. The account of Galileo’s later 
astronomical discoveries of Saturn’s ring and the phases of Venus is taken from 
the preface of this work. — (Kepler’s Dioptrics; Augsburg, 1611.) 

In 1612 Galileo published a series of observations of solar spots, and in 1618 
some observations of three comets. There exist also long series of minute 
observations of Jupiter and his satellites, continued to November 1619. — 
(Galileo’s Works; Florence, 1845.) 

Further astronomical researches may have been hindered by failing sight. One 
more astronomical discovery, however, that of the moon’s librations, was made 
as late as 1637, and the announcement of it is dated “dalla mia carcere di 
Arcetri.” Galileo died January 8, 1642. 

The following editions have been used for the translation: — 

Galileo’s Works. 


1. Florence, 1718. 
. Padua, 1744. 
3. Florence, 1842-56. 


N 


Sidereus Nuncius. 


1. Venice, 1610. 
2. London, 1653. 


Kepler’s Works, ed. C. Frisch. Frankfurt a. M., 1858-71. 

Prodromus  dissertationum =mathematicarum continens Mysterium 
Cosmographicum de admirabili proportione orbium ccelestium. Tübingen, 1596. 

Astronomia nova ailnoàoyntóç (Commentaria de motibus stellæ Martis). 
[Prague,] 1609. 


THE 


SIDEREAL MESSENGER 


UNFOLDING GREAT AND MARVELLOUS SIGHTS, AND PROPOSING 
THEM TO THE ATTENTION OF EVERY ONE, BUT ESPECIALLY 
PHILOSOPHERS AND ASTRONOMERS, BEING SUCH AS HAVE BEEN 
OBSERVED BY 


GALILEO GALILEI 


A GENTLEMAN OF FLORENCE, 


PROFESSOR OF MATHEMATICS IN THE UNIVERSITY OF PADUA, 


WITH THE AID OF A 


TELESCOPE 


lately invented by him, Respecting the Moon’s Surface, an innumerable number 
of Fixed Stars, the Milky Way, and Nebulous Stars, but especially respecting 
Four Planets which revolve round the Planet Jupiter at different distances and 
in different periodic times, with amazing velocity, and which, after remaining 
unknown to every one up to this day, the Author recently discovered, and 
determined to name the 


MEDICEAN STARS. 


Venice 1610. 


TO THE MOST SERENE 


COSMO DE’ MEDICI, THE SECOND, 
FOURTH GRAND-DUKE OF TUSCANY. 


THERE is certainly something very noble and large-minded in the intention of 
those who have endeavoured to protect from envy the noble achievements of 
distinguished men, and to rescue their names, worthy of immortality, from 
oblivion and decay. This desire has given us the lineaments of famous men, 
sculptured in marble, or fashioned in bronze, as a memorial of them to future 
ages; to the same feeling we owe the erection of statues, both ordinary and 
equestrian; hence, as the poet! says, has originated expenditure, mounting to the 
stars, upon columns and pyramids; with this desire, lastly, cities have been built, 
and distinguished by the names of those men, whom the gratitude of posterity 
thought worthy of being handed down to all ages. For the state of the human 
mind is such, that unless it be continually stirred by the counterparts? of matters, 
obtruding themselves upon it from without, all recollection of the matters easily 
passes away from it. 

But others, having regard for more stable and more lasting monuments, 
secured the eternity of the fame of great men by placing it under the protection, 
not of marble or bronze, but of the Muses’ guardianship and the imperishable 
monuments of literature. But why do I mention these things, as if human wit, 
content with these regions, did not dare to advance further; whereas, since she 
well understood that all human monuments do perish at last by violence, by 
weather, or by age, she took a wider view, and invented more imperishable 
signs, over which destroying Time and envious Age could claim no rights; so, 
betaking herself to the sky, she inscribed on the well-known orbs of the brightest 
stars — those everlasting orbs — the names of those who, for eminent and god- 
like deeds, were accounted worthy to enjoy an eternity in company with the 
stars. Wherefore the fame of Jupiter, Mars, Mercury, Hercules, and the rest of 
the heroes by whose names the stars are called, will not fade until the extinction 
of the splendour of the constellations themselves. 

But this invention of human shrewdness, so particularly noble and admirable, 
has gone out of date ages ago, inasmuch as primeval heroes are in possession of 
those bright abodes, and keep them by a sort of right; into whose company the 
affection of Augustus in vain attempted to introduce Julius Cesar; for when he 


wished that the name of the Julian constellation should be given to a star, which 
appeared in his time, one of those which the Greeks and the Latins alike name, 
from their hair-like tails, comets, it vanished in a short time and mocked his too 
eager hope. But we are able to read the heavens for your highness, most Serene 
Prince, far more truly and more happily, for scarcely have the immortal graces of 
your mind begun to shine on earth, when bright stars present themselves in the 
heavens, like tongues to tell and celebrate your most surpassing virtues to all 
time. Behold therefore, four stars reserved for your famous name, and those not 
belonging to the common and less conspicuous multitude of fixed stars, but in 
the bright ranks of the planets — four stars which, moving differently from each 
other, round the planet Jupiter, the most glorious of all the planets, as if they 
were his own children, accomplish the courses of their orbits with marvellous 
velocity, while all the while with one accord they complete all together mighty 
revolutions every ten years round the centre of the universe, that is, round the 
Sun. 

But the Maker of the Stars himself seemed to direct me by clear reasons to 
assign these new planets to the famous name of your highness in preference to 
all others. For just as these stars, like children worthy of their sire, never leave 
the side of Jupiter by any appreciable distance, so who does not know that 
clemency, kindness of heart, gentleness of manners, splendour of royal blood, 
nobleness in public functions, wide extent of influence and power over others, 
all of which have fixed their common abode and seat in your highness, — who, I 
say, does not know that all these qualities, according to the providence of God, 
from whom all good things do come, emanate from the benign star of Jupiter? 
Jupiter, Jupiter, I maintain, at the instant of the birth of your highness having at 
length emerged from the turbid mists of the horizon, and being in possession of 
the middle quarter of the heavens, and illuminating the eastern angle, from his 
own royal house, from that exalted throne, looked out upon your most happy 
birth, and poured forth into a most pure atmosphere all the brightness of his 
majesty, in order that your tender body and your mind — though that was 
already adorned by God with still more splendid graces — might imbibe with 
your first breath the whole of that influence and power. But why should I use 
only plausible arguments when I can almost absolutely demonstrate my 
conclusion? It was the will of Almighty God that I should be judged by your 
most serene parents not unworthy to be employed in teaching your highness 
mathematics, which duty I discharged, during the four years just passed, at that 
time of the year when it is customary to take a relaxation from severer studies. 
Wherefore, since it evidently fell to my lot by God’s will, to serve your 
highness, and so to receive the rays of your surpassing clemency and 


beneficence in a position near your person, what wonder is it if you have so 
warmed my heart that it thinks about scarcely anything else day and night, but 
how I, who am indeed your subject not only by inclination, but also by my very 
birth and lineage, may be known to be most anxious for your glory, and most 
grateful to you? And so, inasmuch as under your patronage, most serene Cosmo, 
I have discovered these stars, which were unknown to all astronomers before me, 
I have, with very good right, determined to designate them with the most august 
name of your family. And as I was the first to investigate them, who can rightly 
blame me if I give them a name, and call them the Medicean Stars, hoping that 
as much consideration may accrue to these stars from this title, as other stars 
have brought to other heroes? For not to speak of your most serene ancestors, to 
whose everlasting glory the monuments of all history bear witness, your virtue 
alone, most mighty sire, can confer on those stars an immortal name; for who 
can doubt that you will not only maintain and preserve the expectations, high 
though they be, about yourself, which you have aroused by the very happy 
beginning of your government, but that you will also far surpass them, so that 
when you have conquered others like yourself, you may still vie with yourself, 
and become day by day greater than yourself and your greatness? 

Accept, then, most clement Prince, this addition to the glory of your family, 
reserved by the stars for you; and may you enjoy for many years those good 
blessings, which are sent to you not so much from the stars as from God, the 
Maker and Governor of the stars. 

Your Highness’s most devoted servant, Galileo Galilei. 

Padua, March 12, 1610. 


THE ASTRONOMICAL MESSENGER 


Containing and setting forth Observations lately made with the 
aid of a newly invented Telescope respecting the Moon’s 
Surface, the Milky Way, Nebulous Stars, an 

innumerable multitude of Fixed Stars, and 

also respecting Four Planets never before 

seen, which have been named 


THE COSMIAN STARS -2 
Introduction. 


IN the present small treatise I set forth some matters of great interest for all 
observers of natural phenomena to look at and consider. They are of great 
interest, I think, first, from their intrinsic excellence; secondly, from their 
absolute novelty; and lastly, also on account of the instrument by the aid of 
which they have been presented to my apprehension. 

The number of the Fixed Stars which observers have been able to see without 
artificial powers of sight up to this day can be counted. It is therefore decidedly a 
great feat to add to their number, and to set distinctly before the eyes other stars 
in myriads, which have never been seen before, and which surpass the old, 
previously known, stars in number more than ten times. 

Again, it is a most beautiful and delightful sight to behold the body of the 
Moon, which is distant from us nearly sixty semi-diameters* of the Earth, as near 
as if it was at a distance of only two of the same measures; so that the diameter 
of this same Moon appears about thirty times larger, its surface about nine 
hundred times, and its solid mass nearly 27,000 times larger than when it is 
viewed only with the naked eye; and consequently any one may know with the 
certainty that is due to the use of our senses, that the Moon certainly does not 
possess a smooth and polished surface, but one rough and uneven, and, just like 
the face of the Earth itself, is everywhere full of vast protuberances, deep 
chasms, and sinuosities. 

Then to have got rid of disputes about the Galaxy or Milky Way, and to have 
made its nature clear to the very senses, not to say to the understanding, seems 
by no means a matter which ought to be considered of slight importance. In 
addition to this, to point out, as with one’s finger, the nature of those stars which 


every one of the astronomers up to this time has called nebulous, and to 
demonstrate that it is very different from what has hitherto been believed, will be 
pleasant, and very fine. But that which will excite the greatest astonishment by 
far, and which indeed especially moved me to call the attention of all 
astronomers and philosophers, is this, namely, that I have discovered four 
planets, neither known nor observed by any one of the astronomers before my 
time, which have their orbits round a certain bright star, one of those previously 
known, like Venus and Mercury round the Sun, and are sometimes in front of it, 
sometimes behind it, though they never depart from it beyond certain limits. All 
which facts were discovered and observed a few days ago by the help of a 
telescope? devised by me, through God’s grace first enlightening my mind. 
Perchance other discoveries still more excellent will be made from time to 
time by me or by other observers, with the assistance of a similar instrument, so 
I will first briefly record its shape and preparation, as well as the occasion of its 
being devised, and then I will give an account of the observations made by me. 


Galileo’s account of the invention of his telescope. 


About ten months ago a report reached my ears that a Dutchman had constructed 
a telescope, by the aid of which visible objects, although at a great distance from 
the eye of the observer, were seen distinctly as if near; and some proofs of its 
most wonderful performances were reported, which some gave credence to, but 
others contradicted. A few days after, I received confirmation of the report in a 
letter written from Paris by a noble Frenchman, Jaques Badovere, which finally 
determined me to give myself up first to inquire into the principle of the 
telescope, and then to consider the means by which I might compass the 
invention of a similar instrument, which a little while after I succeeded in doing, 
through deep study of the theory of Refraction; and I prepared a tube, at first of 
lead, in the ends of which I fitted two glass lenses, both plane on one side, but on 
the other side one spherically convex, and the other concave. Then bringing my 
eye to the concave lens I saw objects satisfactorily large and near, for they 
appeared one-third of the distance off and nine times larger than when they are 
seen with the natural eye alone. I shortly afterwards constructed another 
telescope with more nicety, which magnified objects more than sixty times. At 
length, by sparing neither labour nor expense, I succeeded in constructing for 
myself an instrument so superior that objects seen through it appear magnified 
nearly a thousand times, and more than thirty times nearer than if viewed by the 
natural powers of sight alone. 


Galileo’s first observations with his telescope. 


It would be altogether a waste of time to enumerate the number and importance 
of the benefits which this instrument may be expected to confer, when used by 
land or sea. But without paying attention to its use for terrestrial objects, I betook 
myself to observations of the heavenly bodies; and first of all, I viewed the 
Moon as near as if it was scarcely two semi-diameters® of the Earth distant. After 
the Moon, I frequently observed other heavenly bodies, both fixed stars and 
planets, with incredible delight; and, when I saw their very great number, I 
began to consider about a method by which I might be able to measure their 
distances apart, and at length I found one. And here it is fitting that all who 
intend to turn their attention to observations of this kind should receive certain 
cautions. For, in the first place, it is absolutely necessary for them to prepare a 
most perfect telescope, one which will show very bright objects distinct and free 
from any mistiness, and will magnify them at least 400 times, for then it will 
show them as if only one-twentieth of their distance off. For unless the 
instrument be of such power, it will be in vain to attempt to view all the things 
which have been seen by me in the heavens, or which will be enumerated 
hereafter. 

But in order that any one may be a little more certain about the magnifying 
power of his instrument, he shall fashion two circles, or two square pieces of 
paper, one of which is 400 times greater than the other, but that will be when the 
diameter of the greater is twenty times the length of the diameter of the other. 
Then he shall view from a distance simultaneously both surfaces, fixed on the 
same wall, the smaller with one eye applied to the telescope, and the larger with 
the other eye unassisted; for that may be done without inconvenience at one and 
the same instant with both eyes open. Then both figures will appear of the same 
size, if the instrument magnifies objects in the desired proportion. 

After such an instrument has been prepared, the Method of measuring small 
angular distances between heavenly bodies by the size of the aperture of the 
telescope.method of measuring distances remains for inquiry, and this we shall 
accomplish by the following contrivance: — 


For the sake of being more easily understood, I will suppose a tube A B C D.Z 
Let E be the eye of the observer; then, when there are no lenses in the tube rays 
from the eye to the object F G would be drawn in the straight lines E C F, E D G, 
but when the lenses have been inserted, let the rays go in the bent lines E C H, E 
D I, — for they are contracted, and those which originally, when unaffected by 
the lenses, were directed to the object F G, will include only the part H I. Hence 


the ratio of the distance E H to the line H I being known, we shall be able to 
find, by means of a table of sines, the magnitude of the angle subtended at the 
eye by the object H I, which we shall find to contain only some minutes. But if 
we fit on the lens C D thin plates of metal, pierced, some with larger, others with 
smaller apertures, by putting on over the lens sometimes one plate, sometimes 
another, as may be necessary, we shall construct at our pleasure different 
subtending angles of more or fewer minutes, by the help of which we shall be 
able to measure conveniently the intervals between stars separated by an angular 
distance of some minutes, within an error of one or two minutes. But let it 
suffice for the present to have thus slightly touched, and as it were just put our 
lips to these matters, for on some other opportunity I will publish the theory of 
this instrument in completeness. 

Now let me review the observations made by me during the two months just 
past, again inviting the attention of all who are eager for true philosophy to the 
beginnings which led to the sight of most important phenomena. 

The Moon. Ruggedness of its surface. Existence of lunar mountains and 
valleys. Let me speak first of the surface of the Moon, which is turned towards 
us. For the sake of being understood more easily, I distinguish two parts in it, 
which I call respectively the brighter and the darker. The brighter part seems to 
surround and pervade the whole hemisphere; but the darker part, like a sort of 
cloud, discolours the Moon’s surface and makes it appear covered with spots. 
Now these spots, as they are somewhat dark and of considerable size, are plain 
to every one, and every age has seen them, wherefore I shall call them great or 
ancient spots, to distinguish them from other spots, smaller in size, but so thickly 
scattered that they sprinkle the whole surface of the Moon, but especially the 
brighter portion of it. These spots have never been observed by any one before 
me; and from my observations of them, often repeated, I have been led to that 
opinion which I have expressed, namely, that I feel sure that the surface of the 
Moon is not perfectly smooth, free from inequalities and exactly spherical, as a 
large school of philosophers considers with regard to the Moon and the other 
heavenly bodies, but that, on the contrary, it is full of inequalities, uneven, full of 
hollows and protuberances, just like the surface of the Earth itself, which is 
varied everywhere by lofty mountains and deep valleys. 

Sketches by Galileo to shew: — 





the indentation of the terminator and illuminated summits of mountains in the 
dark part of the moon; 








the shape of a lunar mountain and of a walled plain. 
Galileo:’Sidereus Nuncius,’ Venice 1610. 


The appearances from which we may gather these conclusions are of the 
following nature: — On the fourth or fifth day after new-moon, when the Moon 
presents itself to us with bright horns, the boundary which divides the part in 
shadow from the enlightened part does not extend continuously in an ellipse, as 
would happen in the case of a perfectly spherical body, but it is marked out by 
an irregular, uneven, and very wavy line, as represented in the figure given, for 
several bright excrescences, as they may be called, extend beyond the boundary 
of light and shadow into the dark part, and on the other hand pieces of shadow 
encroach upon the light: — nay, even a great quantity of small blackish spots, 
altogether separated from the dark part, sprinkle everywhere almost the whole 
space which is at the time flooded with the Sun’s light, with the exception of that 
part alone which is occupied by the great and ancient spots. I have noticed that 


the small spots just mentioned have this common characteristic always and in 
every case, that they have the dark part towards the Sun’s position, and on the 
side away from the Sun they have brighter boundaries, as if they were crowned 
with shining summits. Now we have an appearance quite similar on the Earth 
about sunrise, when we behold the valleys, not yet flooded with light, but the 
mountains surrounding them on the side opposite to the Sun already ablaze with 
the splendour of his beams; and just as the shadows in the hollows of the Earth 
diminish in size as the Sun rises higher, so also these spots on the Moon lose 
their blackness as the illuminated part grows larger and larger. Again, not only 
are the boundaries of light and shadow in the Moon seen to be uneven and 
sinuous, but — and this produces still greater astonishment — there appear very 
many bright points within the darkened portion of the Moon, altogether divided 
and broken off from the illuminated tract, and separated from it by no 
inconsiderable interval, which, after a little while, gradually increase in size and 
brightness, and after an hour or two become joined on to the rest of the bright 
portion, now become somewhat larger; but in the meantime others, one here and 
another there, shooting up as if growing, are lighted up within the shaded 
portion, increase in size, and at last are linked on to the same luminous surface, 
now still more extended. An example of this is given in the same figure. Now, is 
it not the case on the Earth before sunrise, that while the level plain is still in 
shadow, the peaks of the most lofty mountains are illuminated by the Sun’s rays? 
After a little while does not the light spread further, while the middle and larger 
parts of those mountains are becoming illuminated; and at length, when the Sun 
has risen, do not the illuminated parts of the plains and hills join together? The 
grandeur, however, of such prominences and depressions in the Moon seems to 
surpass both in magnitude and extent the ruggedness of the Earth’s surface, as I 
shall hereafter show. And here I cannot refrain from mentioning what a 
remarkable spectacle I observed while the Moon was rapidly approaching her 
first quarter, a representation of which is given in the same illustration, placed 
opposite page 16. A protuberance of the shadow, of great size, indented the 
illuminated part in the neighbourhood of the lower cusp; and when I had 
observed this indentation longer, and had seen that it was dark throughout, at 
length, after about two hours, a bright peak began to arise a little below the 
middle of the depression; this by degrees increased, and presented a triangular 
shape, but was as yet quite detached and separated from the illuminated surface. 
Soon around it three other small points began to shine, until, when the Moon was 
just about to set, that triangular figure, having now extended and widened, began 
to be connected with the rest of the illuminated part, and, still girt with the three 


bright peaks already mentioned, suddenly burst into the indentation of shadow 
like a vast promontory of light. 

At the ends of the upper and lower cusps also certain bright points, quite 
away from the rest of the bright part, began to rise out of the shadow, as is seen 
depicted in the same illustration. 

In both horns also, but especially in the lower one, there was a great quantity 
of dark spots, of which those which are nearer the boundary of light and shadow 
appear larger and darker, but those which are more remote less dark and more 
indistinct. In all cases, however, just as I have mentioned before, the dark 
portion of the spot faces the position of the Sun’s illumination, and a brighter 
edge surrounds the darkened spot on the side away from the Sun, and towards 
the region of the Moon in shadow. This part of the surface of the Moon, where it 
is marked with spots like a peacock’s tail with its azure eyes, is rendered like 
those glass vases which, through being plunged while still hot from the kiln into 
cold water, acquire a crackled and wavy surface, from which circumstance they 
are commonly called frosted glasses. The lunar spots are suggested to be 
possibly seas bordered by ranges of mountains. 

Now the great spots of the Moon observed at the same time are not seen to be 
at all similarly broken, or full of depressions and prominences, but rather to be 
even and uniform; for only here and there some spaces, rather brighter than the 
rest, crop up; so that if any one wishes to revive the old opinion of the 
Pythagoreans, that the Moon is another Earth, so to say, the brighter portion may 
very fitly represent the surface of the land, and the darker the expanse of water. 
Indeed, I have never doubted that if the sphere of the Earth were seen from a 
distance, when flooded with the Sun’s rays, that part of the surface which is land 
would present itself to view as brighter, and that which is water as darker in 
comparison. Moreover, the great spots in the Moon are seen to be more 
depressed than the brighter tracts; for in the Moon, both when crescent and when 
waning, on the boundary between the light and shadow, which projects in some 
places round the great spots, the adjacent regions are always brighter, as I have 
noticed in drawing my illustrations, and the edges of the spots referred to are not 
only more depressed than the brighter parts, but are more even, and are not 
broken by ridges or ruggednesses. But the brighter part stands out most near the 
spots, so that both before the first quarter and about the third quarter also, around 
a certain spot in the upper part of the figure, that is, occupying the northern 
region of the Moon, some vast prominences on the upper and lower sides of it 
rise to an enormous elevation, as the illustrations show. This same spot before 
the third quarter is seen to be walled round with boundaries of a deeper shade, 
which just like very lofty mountain summits appear darker on the side away 


from the Sun, and brighter on the side where they face the Sun; but in the case of 
the cavities the opposite happens, for the part of them away from the Sun 
appears brilliant, and that part which lies nearer to the Sun dark and in shadow. 
After a time, when the enlightened portion of the Moon’s surface has diminished 
in size, as soon as the whole or nearly so of the spot already mentioned is 
covered with shadow, the brighter ridges of the mountains mount high above the 
shade. These two appearances are shown in the illustrations which are given. 

Description of a lunar crater, perhaps Tycho.? There is one other point which 
I must on no account forget, which I have noticed and rather wondered at. It is 
this: — The middle of the Moon, as it seems, is occupied by a certain cavity 
larger than all the rest, and in shape perfectly round. I have looked at this 
depression near both the first and third quarters, and I have represented it as well 
as I can in the second illustration already given. It produces the same appearance 
as to effects of light and shade as a tract like Bohemia would produce on the 
Earth, if it were shut in on all sides by very lofty mountains arranged on the 
circumference of a perfect circle; for the tract in the Moon is walled in with 
peaks of such enormous height that the furthest side adjacent to the dark portion 
of the Moon is seen bathed in sunlight before the boundary between light and 
shade reaches half-way across the circular space. But according to the 
characteristic property of the rest of the spots, the shaded portion of this too 
faces the Sun, and the bright part is towards the dark side of the Moon, which for 
the third time I advise to be carefully noticed as a most solid proof of the 
ruggednesses and unevennesses spread over the whole of the bright region of the 
Moon. Of these spots, moreover, the darkest are always those which are near to 
the boundary-line between the light and the shadow, but those further off appear 
both smaller in size and less decidedly dark; so that at length, when the Moon at 
opposition becomes full, the darkness of the cavities differs from the brightness 
of the prominences with a subdued and very slight difference. 


Reasons for believing that there is a difference of constitution in various parts of 
the Moon’s surface. 


These phenomena which we have reviewed are observed in the bright tracts of 
the Moon. In the great spots we do not see such differences of depressions and 
prominences as we are compelled to recognise in the brighter parts, owing to the 
change of their shapes under different degrees of illumination by the Sun’s rays 
according to the manifold variety of the Sun’s position with regard to the Moon. 
Still, in the great spots there do exist some spaces rather less dark than the rest, 
as I have noted in the illustrations, but these spaces always have the same 


appearance, and the depth of their shadow is neither intensified nor diminished; 
they do appear indeed sometimes a little more shaded, sometimes a little less, 
but the change of colour is very slight, according as the Sun’s rays fall upon 
them more or less obliquely; and besides, they are joined to the adjacent parts of 
the spots with a very gradual connection, so that their boundaries mingle and 
melt into the surrounding region. But it is quite different with the spots which 
occupy the brighter parts of the Moon’s surface, for, just as if they were 
precipitous crags with numerous rugged and jagged peaks, they have well- 
defined boundaries through the sharp contrast of light and shade. Moreover, 
inside those great spots certain other tracts are seen brighter than the surrounding 
region, and some of them very bright indeed, but the appearance of these, as well 
as of the darker parts, is always the same; there is no change of shape or 
brightness or depth of shadow, so that it becomes a matter of certainty and 
beyond doubt that their appearance is owing to real dissimilarity of parts, and not 
to unevennesses only in their configuration, changing in different ways the 
shadows of the same parts according to the variations of their illumination by the 
Sun, which really happens in the case of the other smaller spots occupying the 
brighter portion of the Moon, for day by day they change, increase, decrease, or 
disappear, inasmuch as they derive their origin only from the shadows of 
prominences. 

Explanation of the evenness of the illuminated part of the circumference of 
the Moon’s orb by the analogy of terrestrial phenomena, or by a possible lunar 
atmosphere. But here I feel that some people may be troubled with grave doubt, 
and perhaps seized with a difficulty so serious as to compel them to feel 
uncertain about the conclusion just explained and supported by so many 
phenomena. For if that part of the Moon’s surface which reflects the Sun’s rays 
most brightly is full of sinuosities, protuberances, and cavities innumerable, 
why, when the Moon is increasing, does the outer edge which looks toward the 
west, when the Moon is waning, the other half-circumference towards the east, 
and at full-moon the whole circle, appear not uneven, rugged, and irregular, but 
perfectly round and circular, as sharply defined as if marked out with a pair of 
compasses, and without the indentations of any protuberances or cavities? And 
most remarkably so, because the whole unbroken edge belongs to that part of the 
Moon’s surface which possesses the property of appearing brighter than the rest, 
which I have said to be throughout full of protuberances and cavities. For not 
one of the Great Spots extends quite to the circumference, but all of them are 
seen to be together away from the edge. Of this phenomenon, which affords a 
handle for such serious doubt, I produce two causes, and so two solutions of the 
difficulty. 


The first solution which I offer is this: — If the protuberances and cavities in 
the body of the Moon existed only on the edge of the circle that bounds the 
hemisphere which we see, then the Moon might, or rather must, show itself to us 
with the appearance of a toothed wheel, being bounded with an irregular and 
uneven circumference; but if, instead of a single set of prominences arranged 
along the actual circumference only, very many ranges of mountains with their 
cavities and ruggednesses are set one behind the other along the extreme edge of 
the Moon, and that too not only in the hemisphere which we see, but also in that 
which is turned away from us, but still near the boundary of the hemisphere, then 
the eye, viewing them afar off, will not at all be able to detect the differences of 
prominences and cavities, for the intervals between the mountains situated in the 
same circle, or in the same chain, are hidden by the jutting forward of other 
prominences situated in other ranges, and especially if the eye of the observer is 
placed in the same line with the tops of the prominences mentioned. So on the 
Earth, the summits of a number of mountains close together appear situated in 
one plane, if the spectator is a long way off and standing at the same elevation. 
So when the sea is rough, the tops of the waves seem to form one plane, 
although between the billows there is many a gulf and chasm, so deep that not 
only the hulls, but even the bulwarks, masts, and sails of stately ships are hidden 
amongst them. Therefore, as within the Moon, as well as round her 
circumference, there is a manifold arrangement of prominences and cavities, and 
the eye, regarding them from a great distance, is placed in nearly the same plane 
with their summits, no one need think it strange that they present themselves to 
the visual ray which just grazes them as an unbroken line quite free from 
unevennesses. To this explanation may be added another, namely, that there is 
round the body of the Moon, just as round the Earth, an envelope of some 
substance denser than the rest of the ether, which is sufficient to receive and 
reflect the Sun’s rays, although it does not possess so much opaqueness as to be 
able to prevent our seeing through it — especially when it is not illuminated. 
That envelope, when illuminated by the Sun’s rays, renders the body of the 
Moon apparently larger than it really is, and would be able to stop our sight from 
penetrating to the solid body of the Moon, if its thickness were greater; now, it is 
of greater thickness about the circumference of the Moon, greater, I mean, not in 
actual thickness, but with reference to our sight-rays, which cut it obliquely; and 
so it may stop our vision, especially when it is in a state of brightness, and may 
conceal the true circumference of the Moon on the side towards the Sun. 
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This may be understood more clearly from the adjoining figure, in which the 
body of the Moon, A B C, is surrounded by an enveloping atmosphere, D E G. 
An eye at F penetrates to the middle parts of the Moon, as at A, through a 
thickness, D A, of the atmosphere; but towards the extreme parts a mass of 
atmosphere of greater depth, E B, shuts out its boundary from our sight. An 
argument in favour of this is, that the illuminated portion of the Moon appears of 
larger circumference than the rest of the orb which is in shadow. 

Perhaps also some will think that this same cause affords a very reasonable 
explanation why the greater spots on the Moon are not seen to reach to the edge 
of the circumference on any side, although it might be expected that some would 
be found about the edge as well as elsewhere; and it seems credible that there are 
spots there, but that they cannot be seen because they are hidden by a mass of 
atmosphere too thick and too bright for the sight to penetrate. 

Calculation to show that the height of some lunar mountains exceeds four Italian 
miles” (22,000 British feet). I think that it has been sufficiently made clear, from 
the explanation of phenomena which have been given, that the brighter part of 
the Moon’s surface is dotted everywhere with protuberances and cavities; it only 
remains for me to speak about their size, and to show that the ruggednesses of 
the Earth’s surface are far smaller than those of the Moon’s; smaller, I mean, 
absolutely, so to say, and not only smaller in proportion to the size of the orbs on 
which they are. And this is plainly shown thus: — As I often observed in various 
positions of the Moon with reference to the Sun, that some summits within the 
portion of the Moon in shadow appeared illumined, although at some distance 
from the boundary of the light (the terminator), by comparing their distance with 
the complete diameter of the Moon, I learnt that it sometimes exceeded the one- 





twentieth (1/20th) part of the diameter. Suppose the 
distance to be exactly 1/20th part of the diameter, and let the diagram represent 
the Moon’s orb, of which C A F is a great circle, E its centre, and C Fa 
diameter, which consequently bears to the diameter of the Earth the ratio 2:7; 
and since the diameter of the Earth, according to the most exact observations, 
contains 7000 Italian miles, C F will be 2000, and C E 1000, and the 1/20th part 
of the whole, C F, 100 miles. Also let C F be a diameter of the great circle which 
divides the bright part of the Moon from the dark part (for, owing to the very 
great distance of the Sun from the Moon this circle does not differ sensibly from 
a great one), and let the distance of A from the point C be 1/20th part of that 
diameter; let the radius E A be drawn, and let it be produced to cut the tangent 
line G C D, which represents the ray that illumines the summit, in the point D. 
Then the arc C A or the straight line C D will be 100 of such units, as C E 
contains 1000. The sum of the squares of D C, C E is therefore 1,010,000, and 
the square of D E is equal to this; therefore the whole E D will be more than 
1004; and A D will be more than 4 of such units, as C E contained 1000. 
Therefore the height of A D in the Moon, which represents a summit reaching up 
to the Sun’s ray, G C D, and separated from the extremity C by the distance C D, 
is more than 4 Italian miles; but in the Earth there are no mountains which reach 
to the perpendicular height even of one mile. We are therefore left to conclude 
that it is clear that the prominences of the Moon are loftier than those of the 
Earth. 
The faint illumination of the Moon’s disc about new-moon explained to be due to 
earth-light. 


I wish in this place to assign the cause of another lunar phenomenon well worthy 
of notice, and although this phenomenon was observed by me not lately, but 
many years ago, and has been pointed out to some of my intimate friends and 
pupils, explained, and assigned to its true cause, yet as the observation of it is 
rendered easier and more vivid by the help of a telescope, I have considered that 


it would not be unsuitably introduced in this place, but I wish to introduce it 
chiefly in order that the connection and resemblance between the Moon and the 
Earth may appear more plainly. 

When the Moon, both before and after conjunction, is found not far from the 
Sun, not only does its orb show itself to our sight on the side where it is 
furnished with shining horns, but a slight and faint circumference is also seen to 
mark out the circle of the dark part, that part, namely, which is turned away from 
the Sun, and to separate it from the darker background of the sky. But if we 
examine the matter more closely, we shall see that not only is the extreme edge 
of the part in shadow shining with a faint brightness, but that the entire face of 
the Moon, that side, that is, which does not feel the Sun’s glare, is illuminated 
with a pale light of considerable brightness. At the first glance only a fine 
circumference appears shining, on account of the darker part of the sky adjacent 
to it; whereas, on the contrary, the rest of the surface appears dark, on account of 
the contiguity of the shining horns, which destroys the clearness of our sight. But 
if any one chooses such a position for himself, that by the interposition of a roof, 
or a chimney, or some other object between his sight and the Moon, but at a 
considerable distance from his eye, the shining horns are hidden, and the rest of 
the Moon’s orb is left exposed to his view, then he will find that this tract of the 
Moon also, although deprived of sunlight, gleams with considerable light, and 
particularly so if the gloom of the night has already deepened through the 
absence of the Sun; for with a darker background the same light appears 
brighter. Moreover, it is found that this secondary brightness of the Moon, as I 
may call it, is greater in proportion as the Moon is less distant from the Sun; for 
it abates more and more in proportion to the Moon’s distance from that body, so 
much so that after the first quarter, and before the end of the second, it is found 
to be weak and very faint, although it be observed in a darker sky; whereas, at an 
angular distance of 60° or less, even during twilight, it is wonderfully bright, so 
bright indeed that, with the help of a good telescope, the great spots may be 
distinguished in it. 

This strange brightness has afforded no small perplexity to philosophical 
minds; and some have published one thing, some another, as the cause to be 
alleged for it. Some have said that it is the inherent and natural brightness of the 
Moon; some that it is imparted to that body by the planet Venus; or, as others 
maintain, by all the stars; while some have said that it comes from the Sun, 
whose rays, they say, find a way through the solid mass of the Moon. But 
statements of this kind are disproved without much difficulty, and convincingly 
demonstrated to be false. For if this kind of light were the Moon’s own, or were 
contributed by the stars, the Moon would retain it, particularly in eclipses, and 


would show it then, when left in an unusually dark sky, but this is contrary to 
experience. For the brightness which is seen on the Moon in eclipses is far less 
intense, being somewhat reddish, and almost copper-coloured, whereas this is 
brighter and whiter; besides, the brightness seen during an eclipse is changeable 
and shifting, for it wanders over the face of the Moon, so that that part which is 
near the circumference of the circle of shadow thrown by the Earth is bright, but 
the rest of the Moon is always seen to be dark. From which circumstance we 
understand without hesitation that this brightness is due to the proximity of the 
Sun’s rays coming into contact with some denser region which surrounds the 
Moon as an envelope; owing to which contact a sort of dawn-light is diffused 
over the neighbouring regions of the Moon, just as the twilight spreads in the 
morning and evening on the Earth: but I will treat more fully of this matter in 
my book upon the System of the Universe.” 

Again, to assert that this sort of light is imparted to the Moon by the planet 
Venus is so childish as to be undeserving of an answer; for who is so ignorant as 
not to understand that at conjunction and within an angular distance of 60° it is 
quite impossible for the part of the Moon turned away from the Sun to be seen 
by the planet Venus? 

But that this light is derived from the Sun penetrating with its light the solid 
mass of the Moon, and rendering it luminous, is equally untenable. For then this 
light would never lessen, since the hemisphere of the Moon is always illumined 
by the Sun, except at the moment of a lunar eclipse, yet really it quickly 
decreases while the Moon is drawing near to the end of her first quarter, and 
when she has passed her first quarter it becomes quite dull. Since, therefore, this 
kind of secondary brightness is not inherent and the Moon’s own, nor borrowed 
from any of the stars, nor from the Sun, and since there now remains in the 
whole universe no other body whatever except the Earth, what, pray, must we 
conclude? What must we assert? Shall we assert that the body of the Moon, or 
some other dark and sunless orb, receives light from the Earth? Why should it 
not be the Moon? And most certainly it is. The Earth, with fair and grateful 
exchange, pays back to the Moon an illumination like that which it receives from 
the Moon nearly the whole time during the darkest gloom of night. Let me 
explain the matter more clearly. At conjunction, when the Moon occupies a 
position between the Sun and the Earth, the Moon is illuminated by the Sun’s 
rays on her half towards the Sun which is turned away from the Earth, and the 
other half, with which she regards the Earth, is covered with darkness, and so in 
no degree illumines the Earth’s surface. When the Moon has slightly separated 
from the Sun, straightway she is partly illumined on the half directed towards us; 
she turns towards us a slender silvery crescent, and slightly illumines the Earth; 


the Sun’s illumination increases upon the Moon as she approaches her first 
quarter, and the reflexion of that light increases on the Earth; the brightness in 
the Moon next extends beyond the semicircle, and our nights grow brighter; at 
length the entire face of the Moon looking towards the Earth is irradiated with 
the most intense brightness by the Sun, which happens when the Sun and Moon 
are on opposite sides of the Earth; then far and wide the surface of the Earth 
shines with the flood of moonlight; after this the Moon, now waning, sends out 
less powerful beams, and the Earth is illumined less powerfully; at length the 
Moon draws near her first position of conjunction with the Sun, and forthwith 
black night invades the Earth. In such a cycle the moonlight gives us each month 
alternations of brighter and fainter illumination. But the benefit of her light to the 
Earth is balanced and repaid by the benefit of the light of the Earth to her; for 
while the Moon is found near the Sun about the time of conjunction, she has in 
front of her the entire surface of that hemisphere of the Earth which is exposed 
to the Sun, and vividly illumined with his beams, and so receives light reflected 
from the Earth. Owing to such reflexion, the hemisphere of the Moon nearer to 
us, though deprived of sunlight, appears of considerable brightness. Again, when 
removed from the Sun through a quadrant, the Moon sees only one-half of the 
Earth’s hemisphere illuminated, namely the western half, for the other, the 
eastern, is covered with the shades of night; the Moon is, therefore, less brightly 
enlightened by the Earth, and accordingly that secondary light appears fainter to 
us. But if you imagine the Moon to be set on the opposite side of the Earth to the 
Sun, she will see the hemisphere of the Earth, now between the Moon and the 
Sun, quite dark, and steeped in the gloom of night; if, therefore, an eclipse 
should accompany such a position of the Moon, she will receive no light at all, 
being deprived of the illumination of the Sun and Earth together. In any other 
position, with regard to the Earth and the Sun, the Moon receives more or less 
light by reflexion from the Earth, according as she sees a greater or smaller 
portion of the hemisphere of the Earth illuminated by the Sun; for such a law is 
observed between these two orbs, that at whatever times the Earth is most 
brightly enlightened by the Moon, at those times, on the contrary, the Moon is 
least enlightened by the Earth; and contrariwise. Let these few words on this 
subject suffice in this place; for I will consider it more fully in my System of the 
Universe, where, by very many arguments and experimental proofs, there is 
shown to be a very strong reflexion of the Sun’s light from the Earth, for the 
benefit of those who urge that the Earth must be separated from the starry host, 
chiefly for the reason that it has neither motion nor light, for I will prove that the 
Earth has motion, and surpasses the Moon in brightness, and is not the place 


where the dull refuse of the universe has settled down; and I will support my 
demonstration by a thousand arguments taken from natural phenomena. 

Stars. Their appearance in the telescope. Hitherto I have spoken of the 
observations which I have made concerning the Moon’s body; now I will briefly 
announce the phenomena which have been, as yet, seen by me with reference to 
the Fixed Stars. And first of all the following fact is worthy of consideration: — 
The stars, fixed as well as erratic, when seen with a telescope, by no means 
appear to be increased in magnitude in the same proportion as other objects, and 
the Moon herself, gain increase of size; but in the case of the stars such increase 
appears much less, so that you may consider that a telescope, which (for the sake 
of illustration) is powerful enough to magnify other objects a hundred times, will 
scarcely render the stars magnified four or five times. But the reason of this is as 
follows: — When stars are viewed with our natural eyesight they do not present 
themselves to us of their bare, real size, but beaming with a certain vividness, 
and fringed with sparkling rays, especially when the night is far advanced; and 
from this circumstance they appear much larger than they would if they were 
stripped of those adventitious fringes, for the angle which they subtend at the eye 
is determined not by the primary disc of the star, but by the brightness which so 
widely surrounds it. Perhaps you will understand this most clearly from the well- 
known circumstance that when stars rise just at sunset, in the beginning of 
twilight, they appear very small, although they may be stars of the first 
magnitude; and even the planet Venus itself, on any occasion when it may 
present itself to view in broad daylight, is so small to see that it scarcely seems 
to equal a star of the last magnitude. It is different in the case of other objects, 
and even of the Moon, which, whether viewed in the light of midday or in the 
depth of night, always appears of the same size. We conclude therefore that the 
stars are seen at midnight in uncurtailed glory, but their fringes are of such a 
nature that the daylight can cut them off, and not only daylight, but any slight 
cloud which may be interposed between a star and the eye of the observer. A 
dark veil or coloured glass has the same effect, for, upon placing them before the 
eye between it and the stars, all the blaze that surrounds them leaves them at 
once. A telescope also accomplishes the same result, for it removes from the 
stars their adventitious and accidental splendours before it enlarges their true 
discs (if indeed they are of that shape), and so they seem less magnified than 
other objects, for a star of the fifth or sixth magnitude seen through a telescope is 
shown as of the first magnitude only. 

The difference between the appearance of the planets and the fixed stars 
seems also deserving of notice. The planets present their discs perfectly round, 
just as if described with a pair of compasses, and appear as so many little moons, 


completely illuminated and of a globular shape; but the fixed stars do not look to 
the naked eye bounded by a circular circumference, but rather like blazes of 
light, shooting out beams on all sides and very sparkling, and with a telescope 
they appear of the same shape as when they are viewed by simply looking at 
them, but so much larger that a star of the fifth or sixth magnitude seems to 
equal Sirius, the largest of all the fixed stars. 
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Orion’s Belt and Sword; 83 Stars 











Pleiades; 36 Stars 
Galileo: “Sidereus Nuncius. ” 


Telescopic Stars: their infinite multitude. As examples, Orion’s Belt and Sword 
and the Pleiades are described as seen by Galileo. 


But beyond the stars of the sixth magnitude you will behold through the 
telescope a host of other stars, which escape the unassisted sight, so numerous as 
to be almost beyond belief, for you may see more than six other differences of 
magnitude, and the largest of these, which I may call stars of the seventh 
magnitude, or of the first magnitude of invisible stars, appear with the aid of the 
telescope larger and brighter than stars of the second magnitude seen with the 
unassisted sight. But in order that you may see one or two proofs of the 
inconceivable manner in which they are crowded together, I have determined to 
make out a case against two star-clusters, that from them as a specimen you may 
decide about the rest. 

As my first example I had determined to depict the entire constellation of 
Orion, but I was overwhelmed by the vast quantity of stars and by want of time, 
and so I have deferred attempting this to another occasion, for there are adjacent 
to, or scattered among, the old stars more than five hundred new stars within the 
limits of one or two degrees. For this reason I have selected the three stars in 


Orion’s Belt and the six in his Sword, which have been long well-known groups, 
and I have added eighty other stars recently discovered in their vicinity, and I 
have preserved as exactly as possible the intervals between them. The well- 
known or old stars, for the sake of distinction, I have depicted of larger size, and 
I have outlined them with a double line; the others, invisible to the naked eye, I 
have marked smaller and with one line only. I have also preserved the 
differences of magnitude as much as I could. 

As a second example I have depicted the six stars of the constellation Taurus, 
called the Pleiades (I say six intentionally, since the seventh is scarcely ever 
visible), a group of stars which is enclosed in the heavens within very narrow 
precincts. Near these there lie more than forty others invisible to the naked eye, 
no one of which is much more than half a degree off any of the aforesaid six; of 
these I have noticed only thirty-six in my diagram. I have preserved their 
intervals, magnitudes, and the distinction between the old and the new stars, just 
as in the case of the constellation Orion. 

The Milky Way consists entirely of stars in countless numbers and of various 
magnitudes. The next object which I have observed is the essence or substance 
of the Milky Way. By the aid of a telescope any one may behold this in a manner 
which so distinctly appeals to the senses that all the disputes which have 
tormented philosophers through so many ages are exploded at once by the 
irrefragable evidence of our eyes, and we are freed from wordy disputes upon 
this subject, for the Galaxy is nothing else but a mass of innumerable stars 
planted together in clusters. Upon whatever part of it you direct the telescope 
straightway a vast crowd of stars presents itself to view; many of them are 
tolerably large and extremely bright, but the number of small ones is quite 
beyond determination. 
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Galileo: “Sidereus Nuncius,” Venice, 1610. 

Nebule resolved into clusters of stars: as examples, the nebule in Orion’s 
Head and Presepe. And whereas that milky brightness, like the brightness of a 
white cloud, is not only to be seen in the Milky Way, but several spots of a 
similar colour shine faintly here and there in the heavens, if you turn the 
telescope upon any of them you will find a cluster of stars packed close together. 
Further — and you will be more surprised at this, — the stars which have been 
called by every one of the astronomers up to this day nebulous, are groups of 
small stars set thick together in a wonderful way, and although each one of them 
on account of its smallness, or its immense distance from us, escapes our sight, 
from the commingling of their rays there arises that brightness which has 
hitherto been believed to be the denser part of the heavens, able to reflect the 
rays of the stars or the Sun. 

I have observed some of these, and I wish to subjoin the star-clusters of two 
of these nebule. First, you have a diagram of the nebula called that of Orion’s 
Head, in which I have counted twenty-one stars. 

The second cluster contains the nebula called Presepe, which is not one star 
only, but a mass of more than forty small stars. I have noticed thirty-six stars, 
besides the Aselli, arranged in the order of the accompanying diagram. 

Discovery of Jupiter’s satellites, Jan. 7, 1610: record of Galileo’s 
observations during two months. I have now finished my brief account of the 
observations which I have thus far made with regard to the Moon, the Fixed 
Stars, and the Galaxy. There remains the matter, which seems to me to deserve 
to be considered the most important in this work, namely, that I should disclose 
and publish to the world the occasion of discovering and observing four 
PLANETS, never seen from the very beginning of the world up to our own 
times, their positions, and the observations made during the last two months 
about their movements and their changes of magnitude; and I summon all 
astronomers to apply themselves to examine and determine their periodic times, 
which it has not been permitted me to achieve up to this day, owing to the 
restriction of my time. I give them warning however again, so that they may not 
approach such an inquiry to no purpose, that they will want a very accurate 
telescope, and such as I have described in the beginning of this account. 

On the 7th day of January in the present year, 1610, in the first hour of the 
following night, when I was viewing the constellations of the heavens through a 
telescope, the planet Jupiter presented itself to my view, and as I had prepared 
for myself a very excellent instrument, I noticed a circumstance which I had 
never been able to notice before, owing to want of power in my other telescope, 
namely, that three little stars, small but very bright, were near the planet; and 


although I believed them to belong to the number of the fixed stars, yet they 
made me somewhat wonder, because they seemed to be arranged exactly in a 
straight line, parallel to the ecliptic, and to be brighter than the rest of the stars, 
equal to them in magnitude. The position of them with reference to one another 
and to Jupiter was as follows (Fig. 1). 

On the east side there were two stars, and a single one towards the west. The 
star which was furthest towards the east, and the western star, appeared rather 
larger than the third. 

I scarcely troubled at all about the distance between them and Jupiter, for, as I 
have already said, at first I believed them to be fixed stars; but when on January 
8th, led by some fatality, I turned again to look at the same part of the heavens, I 
found a very different state of things, for there were three little stars all west of 
Jupiter, and nearer together than on the previous night, and they were separated 
from one another by equal intervals, as the accompanying illustration (Fig. 2) 
shows. 

At this point, although I had not turned my thoughts at all upon the 
approximation of the stars to one another, yet my surprise began to be excited, 
how Jupiter could one day be found to the east of all the aforesaid fixed stars 
when the day before it had been west of two of them; and forthwith I became 
afraid lest the planet might have moved differently from the calculation of 
astronomers, and so had passed those stars by its own proper motion. I therefore 
waited for the next night with the most intense longing, but I was disappointed 
of my hope, for the sky was covered with clouds in every direction. 

But on January 10th the stars appeared in the following position with regard 
to Jupiter; there were two only, and both on the east side of Jupiter, the third, as I 
thought, being hidden by the planet (Fig. 3). They were situated just as before, 
exactly in the same straight line with Jupiter, and along the Zodiac. 

When I had seen these phenomena, as I knew that corresponding changes of 
position could not by any means belong to Jupiter, and as, moreover, I perceived 
that the stars which I saw had been always the same, for there were no others 
either in front or behind, within a great distance, along the Zodiac, — at length, 
changing from doubt into surprise, I discovered that the interchange of position 
which I saw belonged not to Jupiter, but to the stars to which my attention had 
been drawn, and I thought therefore that they ought to be observed henceforward 
with more attention and precision. 

Accordingly, on January 11th I saw an arrangement of the following kind 
(Fig. 4), namely, only two stars to the east of Jupiter, the nearer of which was 
distant from Jupiter three times as far as from the star further to the east; and the 
star furthest to the east was nearly twice as large as the other one; whereas on the 


previous night they had appeared nearly of equal magnitude. I therefore 
concluded, and decided unhesitatingly, that there are three stars in the heavens 
moving about Jupiter, as Venus and Mercury round the Sun; which at length was 
established as clear as daylight by numerous other subsequent observations. 
These observations also established that there are not only three, but four, erratic 
sidereal bodies performing their revolutions round Jupiter, observations of 
whose changes of position made with more exactness on succeeding nights the 
following account will supply. I have measured also the intervals between them 
with the telescope in the manner already explained. Besides this, I have given 
the times of observation, especially when several were made in the same night, 
for the revolutions of these planets are so swift that an observer may generally 
get differences of position every hour. 

Jan. 12. — At the first hour of the next night I saw these heavenly bodies 
arranged in this manner (Fig. 5). The satellite furthest to the east was greater 
than the satellite furthest to the west; but both were very conspicuous and bright; 
the distance of each one from Jupiter was two minutes. A third satellite, certainly 
not in view before, began to appear at the third hour; it nearly touched Jupiter on 
the east side, and was exceedingly small. They were all arranged in the same 
straight line, along the ecliptic. 

Jan. 13. — For the first time four satellites were in view in the following 
position with regard to Jupiter (Fig. 6). 


There were three to the west, and one to the east; they made a straight line 
nearly, but the middle satellite of those to the west deviated a little from the 
straight line towards the north. The satellite furthest to the east was at a distance 
of 2° from Jupiter; there were intervals of 1° only between Jupiter and the nearest 
satellite, and between the satellites themselves, west of Jupiter. All the satellites 
appeared of the same size, and though small they were very brilliant, and far 
outshone the fixed stars of the same magnitude. 

Jan. 14. — The weather was cloudy. 

Jan. 15. — At the third hour of the night the four satellites were in the state 
depicted in the next diagram (Fig. 7) with reference to Jupiter. 

All were to the west, and arranged nearly in the same straight line; but the 
satellite which counted third from Jupiter was raised a little to the north. The 
nearest to Jupiter was the smallest of all; the rest appeared larger and in order of 
magnitude; the intervals between Jupiter and the three nearest satellites were all 
equal, and were of the magnitude of 2° each; but the satellite furthest to the west 
was distant 4° from the satellite nearest to it. They were very brilliant, and not at 
all twinkling, as they have always appeared both before and since. But at the 


seventh hour there were only three satellites, presenting with Jupiter an 
appearance of the following kind (Fig. 8). They were, that is to say, in the same 
straight line to a hair; the nearest to Jupiter was very small, and distant from the 
planet 3°; the distance of the second from this one was 1°; and of the third from 
the second 4° 30°°. But after another hour the two middle satellites were still 
nearer, for they were only 30’, or less, apart. 

Jan. 16. — At the first hour of the night I saw three satellites arranged in this 
order (Fig. 9). Jupiter was between two of them, which were at a distance of 0° 
407” from the planet on either side, and the third was west of Jupiter at a distance 
of 8°. The satellites near to Jupiter appeared brighter than the satellite further off, 
but not larger. 

Jan. 17, after sunset 0 hours 30 minutes, the configuration was of this kind 
(Fig. 10). There was one satellite only to the east, at a distance of 3° from 
Jupiter; to the west likewise there was only one satellite, distant 11° from Jupiter. 
The satellite on the east appeared twice as large as the satellite to the west; and 
there were no more than these two. But four hours after, that is, nearly at the 
fifth hour, a third satellite began to emerge on the east side, which, before its 
appearance, as I think, had been joined with the former of the two other 
satellites, and the position was of this kind (Fig. 11). The middle satellite was 
very near indeed to the satellite on the east, and was only 20° from it; and was a 
little towards the south of the straight line drawn through the two extreme 
satellites and Jupiter. 

Jan. 18, at 0 h. 20 m. after sunset, the appearance was such as this (Fig. 12). 
The satellite to the east was larger than the western one, and was at a distance 
from Jupiter of 8°, the western one being at a distance of 10°. 

Jan. 19. — At the second hour of the night the relative position of the 
satellites was such as this (Fig. 13); that is, there were three satellites exactly in a 
straight line with Jupiter, one to the east, at a distance of 6° from Jupiter; 
between Jupiter and the first satellite to the west in order, there was an interval 
of 5’; this satellite was 4° off the other one more to the west. At that time I was 
doubtful whether or no there was a satellite between the satellite to the east and 
Jupiter, but so very close to Jupiter as almost to touch the planet; but at the fifth 
hour I saw this satellite distinctly, by that time occupying exactly the middle 
position between Jupiter and the eastern satellite, so that the configuration was 
thus (Fig. 14). Moreover, the satellite which had just come into view was very 
small; yet at the sixth hour it was nearly as large as the rest. 


Jan. 20: 1 h. 15 m. — A similar arrangement was seen (Fig. 15). There were 
three satellites, so small as scarcely to be distinguishable; their distances from 


Jupiter, and from one another, were not more than 1°. I was doubtful whether on 
the western side there were two satellites or three. About the sixth hour they 
were grouped in this way (Fig. 16). The eastern satellite was twice as far away 
from Jupiter as before, that is 2°; on the western side, the satellite in the middle 
was distant from Jupiter 0° 40°’, and from the satellite still further to the west 0° 
20°; at length, at the seventh hour, three satellites were seen on the western side 
(Fig. 17). The satellite nearest to Jupiter was distant from the planet 0° 2077; 
between this one and the satellite furthest to the west there was an interval of 40 
“, but between these another satellite was in view slightly southward of them, 
and not more than 10°° off the most westerly satellite. 

Jan. 21: 0 h. 30 m. — There were three satellites on the east side; the satellites 
and Jupiter were at equal distances apart (Fig. 18). The intervals were by 
estimation 50°” each. There was also one satellite on the west, distant 4° from 
Jupiter. The satellite on the east side nearest to Jupiter was the least of all. 

Jan. 22: 2 h. — The grouping of the satellites was similar (Fig. 19). There was 
an interval of 5° from the satellite on the east to Jupiter; from Jupiter to the 
satellite furthest to the west 7°. The two interior satellites on the western side 
were 0° 407” apart, and the satellite nearer to Jupiter was 1° from the planet. The 
inner satellites were smaller than the outer ones, but they were situated all in the 
same straight line, along the ecliptic, except that the middle of the three western 
satellites was slightly to the south of it, but at the sixth hour of the night they 
appeared in this position (Fig. 20). The satellite on the east was very small, at a 
distance from Jupiter of 5° as before; but the three satellites on the west were 
separated by equal distances from Jupiter and from each other; and the intervals 
were nearly 1° 20% each. The satellite nearest Jupiter appeared smaller than the 
other two on the same side, but they all appeared arranged exactly in the same 
straight line. 

Jan. 23, at 0 h. 40 m. after sunset, the grouping of the satellites was nearly 
after this fashion (Fig. 21). There were three satellites with Jupiter in a straight 
line along the ecliptic, as they always have been; two were on the east of the 
planet, one on the west; the satellite furthest to the east was 7° from the next one, 
and this satellite 2° 40°° from Jupiter; Jupiter was 3° 20°” from the satellite on the 
west; and they were all of nearly the same size. But at the fifth hour the two 
satellites which had been previously near Jupiter were no longer visible, being, 
as I suppose, hidden behind Jupiter, and the appearance presented was such as 
this (Fig. 22). 

Jan. 24. — Three satellites, all on the east side, were visible, and nearly, but 
not quite, in the same straight line with Jupiter, for the satellite in the middle was 
slightly to the south of it (Fig. 23). The satellite nearest to Jupiter was 2° distant 


from the planet; the next in order 0° 307 from this satellite, and the third was 9° 
further off still; they were all very bright. But at the sixth hour two satellites only 
presented themselves to view in this position, namely in the same straight line 
with Jupiter exactly, and the distance of the nearest to the planet was lengthened 
to 3°; the next was 2° further off, and unless I am mistaken, the two satellites 
previously observed in the middle had come together, and appeared as one. 

Jan. 25, at 1 h. 40 m., the satellites were grouped thus (Fig. 24). There were 
only two satellites on the east side, and these were rather large. The satellite 
furthest to the east was 5° from the satellite in the middle, and it was 6’ from 
Jupiter. 

Jan. 26, at 0 h. 40 m., the relative positions of the satellites were thus (Fig. 
25). Three satellites were in view, of which two were east and the third west of 
Jupiter; this one was distant 3° from the planet. On the east side the satellite in 
the middle was at a distance of 5° 20°’; the further satellite was 6° beyond; they 
were arranged in a straight line, and were of the same size. At the fifth hour the 
arrangement was nearly the same, with this difference only, that the fourth 
satellite was emerging on the east side near Jupiter. It was smaller than the rest, 
and was then at a distance of 0° 30°° from Jupiter; but was raised a little above 
the straight line towards the north, as the accompanying figure shows (Fig. 26). 

Jan. 27, 1 h. after sunset, a single satellite only was in view, and that on the 
east side of Jupiter in this position (Fig. 27). It was very small, and at a distance 
of 7° from Jupiter. 

Jan. 28 and 29. — Owing to the intervention of clouds, I could make no 
observation. 

Jan. 30. — At the first hour of the night the satellites were in view, arranged 
in the following way (Fig. 28). There was one satellite on the east side, at a 
distance of 2° 30°° from Jupiter; and there were two satellites on the west, of 
which the one nearer to Jupiter was 3° off the planet, and the other satellite 1° 
further. The places of the outer satellites and Jupiter were in the same straight 
line; but the satellite in the middle was a little above it to the north. The satellite 
furthest to the west was smaller than the rest. 

On the last day of the month, at the second hour, two satellites on the east 
side were visible, and one on the west (Fig. 29). Of the satellites east of the 
planet, the one in the middle was 2° 20°° distant from Jupiter; and the satellite 
further to the east was 0° 30°° from the middle satellite; the satellite on the west 
was at a distance of 10° from Jupiter. They were in the same straight line nearly, 
and would have been exactly so, only the satellite on the east nearest to Jupiter 
was raised a little towards the north. At the fourth hour, the two satellites on the 


east were still nearer together, for they were only 20°° apart (Fig. 30). The 
western Satellite appeared rather small in these two observations. 

Feb. 1. — At the second hour of the night the arrangement was similar (Fig. 
31). The satellite furthest to the east was at a distance of 6° from Jupiter, and the 
western satellite 8°. On the east side there was a very small satellite, at a distance 
of 207 from Jupiter. They made a perfectly straight line. 

Feb. 2. — The satellites were seen arranged thus (Fig. 32). There was one 
only on the east, at a distance of 6° from Jupiter. Jupiter was 4° from the nearest 
satellite on the west; between this satellite and the satellite further to the west 
there was an interval of 8°; they were in the same straight line exactly, and were 
nearly of the same magnitude. But at the seventh hour four satellites were there 
— two on each side of Jupiter (Fig. 33). Of these satellites, the most easterly was 
at a distance of 4° from the next; this satellite was 1° 40°° from Jupiter; Jupiter 
was 6° from the nearest satellite on the west, and this one from the satellite 
further to the west, 8°; and they were all alike in the same straight line, drawn in 
the direction of the Zodiac. 

Feb. 3: 7 h. — The satellites were arranged in the following way (Fig. 34): — 
The satellite on the east was at a distance of 1° 30°° from Jupiter; the nearest 
satellite on the west, 2°, and there was a long distance, 10’, from this satellite to 
the satellite further to the west. They were exactly in the same straight line, and 
of equal magnitude. 

Feb. 4: 2 h. — Four satellites attended Jupiter, two on the east and two on the 
west, arranged in one perfectly straight line, as in the adjoining figure (Fig. 35). 
The satellite furthest to the east was at a distance of 3° from the next satellite. 
This one was 0° 407” from Jupiter; Jupiter 4° from the nearest satellite on the 
west; and this one from the satellite further to the west 6^. In magnitude they 
were nearly equal; the satellite nearest to Jupiter was rather smaller in 
appearance than the rest. But at the seventh hour (Fig. 36) the eastern satellites 
were at a distance of only 0° 307” apart. Jupiter was 2° from the nearest satellite 
on the east; and from the satellite on the west, next in order, 4’; this one was 
distant 3° from the satellite further to the west. They were all equal in magnitude, 
and in a straight line, drawn in the direction of the ecliptic. 

Feb. 5. — The sky was cloudy. 

Feb. 6. — Two satellites only appeared, with Jupiter between them, as is seen 
in the accompanying figure (Fig. 37). The satellite on the east was 2° from 
Jupiter, and that on the west 3°. They were in the same straight line with Jupiter, 
and were equal in magnitude. 

Feb. 7. — There were two satellites by the side of Jupiter, and both of them 
on the east of the planet, arranged in this manner (Fig. 38). The intervals 


between the satellites and Jupiter were equal, and of 1° each; and a straight line 
would go through them and the centre of Jupiter. 

Feb. 8: 1 h. — Three satellites were there, all on the east side of Jupiter, as in 
the diagram (Fig. 39). The nearest to Jupiter, a rather small one, was distant from 
the planet 1° 20°’; the middle one was 4’ from this satellite, and was rather large; 
the satellite furthest to the east, a very small one, was at a distance of 0° 20°° 
from this satellite. It was doubtful whether there was one satellite near to Jupiter 
or two, for sometimes it seemed that there was another satellite by its side 
towards the east, wonderfully small, and only 10°’ from it. They were all situated 
at points in a straight line drawn in the direction of the Zodiac. At the third hour 
the satellite nearest to Jupiter was almost touching the planet, for it was only 
distant 10°° from it; but the others had become further off, for the middle one 
was 6° from Jupiter. At length, at the fourth hour, the satellite which was 
previously the nearest to Jupiter joined with the planet and disappeared. 

Feb. 9: 0 h. 30 m. — There were two satellites on the east side of Jupiter, and 
one on the west, in an arrangement such as this (Fig. 40). The satellite furthest to 
the east, which was a rather small one, was distant 4° from the next satellite; the 
satellite in the middle was larger, and at a distance of 7° from Jupiter. Jupiter 
was distant 4° from the western satellite, which was a small one. 

Feb. 10: 1 h. 30 m. — A pair of satellites, very small, and both on the east of 
the planet, were visible, in the following position (Fig. 41). The further satellite 
was distant from Jupiter 10°, the nearer 0° 20°’, and they were in the same 
straight line; but at the fourth hour the satellite nearest to Jupiter no longer 
appeared, and the other seemed so diminished that it could scarcely be kept in 
sight, although the atmosphere was quite clear, and the satellite was further from 
Jupiter than before, since its distance was now 12’. 

Feb. 11: 1 h. — There were two satellites on the east, and one on the west 
(Fig. 42). The western satellite was at a distance of 4° from Jupiter. The satellite 
on the east, nearest to the planet, was likewise 4° from Jupiter; but the satellite 
further to the east was at a distance from this one of 8’; they were fairly clear to 
view, and in the same straight line; but at the third hour the fourth satellite was 
visible near to Jupiter on the east, less in magnitude than the rest, separated from 
Jupiter by a distance of 0° 30°’, and slightly to the north out of the straight line 
drawn through the rest (Fig. 43). They were all very bright and extremely 
distinct, but at 5 h. 30 m. the satellite on the east nearest to Jupiter had moved 
further away from the planet, and was occupying a position midway between the 
planet and the neighbouring satellite further to the east. They were all in the 
same straight line exactly, and of the same magnitude, as may be seen in the 
accompanying diagram (Fig. 44). 


Feb. 12: 0 h. 40 m. — A pair of satellites on the east, a pair likewise on the 
west, were near the planet (Fig. 45). The satellite on the east furthest removed 
from Jupiter was at a distance of 10’, and the further of the satellites on the west 
was 8° off. They were both fairly distinct. The other two were very near to 
Jupiter, and very small, especially the satellite to the east, which was at a 
distance of 0° 40°° from Jupiter. The distance of the western satellite was 1°. But 
at the fourth hour the satellite which was nearest to Jupiter on the east was 
visible no longer. 

Feb. 13: 0 h. 30 m. — Two satellites were visible in the east, two also in the 
west (Fig. 46). The satellite on the east near Jupiter was fairly distinct; its 
distance from the planet was 2°. The satellite further to the east was less 
noticeable; it was distant 4° from the other. Of the satellites on the west, the one 
furthest from Jupiter, which was very distinct, was parted from the planet 4’. 
Between this satellite and Jupiter intervened a small satellite close to the most 
westerly satellite, being not more than 0° 3°° off. They were all in the same 
straight line, corresponding exactly to the direction of the ecliptic. 


Feb. 15 (for on the 14th the sky was covered with clouds), at the first hour, 
the position of the satellites was thus (Fig. 47); that is, there were three satellites 
on the east, but none were visible on the west. The satellite on the east nearest to 
Jupiter was at a distance of 0° 50°° from the planet; the next in order was 0° 20°° 
from this satellite, and the furthest to the east was 2° from the second satellite, 
and it was larger than the others, for those nearer to Jupiter were very small. But 
about the fifth hour only one of the satellites which had been near to Jupiter was 
to be seen; its distance from Jupiter was 0° 30°’. The distance of the satellite 
furthest to the east from Jupiter had increased, for it was then 4° (Fig. 48). But at 
the sixth hour, besides the two situated as just described on the east, one satellite 
was visible towards the west, very small, at a distance of 2° from Jupiter (Fig. 
49). 

Feb. 16: 6 h. — Their places were arranged as follows (Fig. 50); that is, the 
satellite on the east was 7° from Jupiter, Jupiter 5° from the next satellite on the 
west, and this 3° from the remaining satellite still further to the west. They were 
all of the same magnitude nearly, rather bright, and in the same straight line, 
corresponding accurately to the direction of the Zodiac. 

Feb. 17: 1 h. — Two satellites were in view, one on the east, distant 3° from 
Jupiter; the other on the west, distant 10° (Fig. 51). The latter was somewhat less 
than the satellite on the east; but at the sixth hour the eastern satellite was nearer 
to Jupiter, being at a distance of 0° 50°’, and the western satellite was further off, 
namely 12°. At both observations they were in the same straight line with 


Jupiter, and were both rather small, especially the eastern satellite in the second 
observation. 

Feb. 18: 1 h. — Three satellites were in view, of which two were on the west 
and one on the east; the distance of the eastern satellite from Jupiter was 3”, and 
of the nearest satellite on the west 2’; the remaining satellite, still further to the 
west, was 8° from the middle satellite (Fig. 52). They were all in the same 
straight line exactly, and of about the same magnitude. But at the second hour 
the satellites nearest to the planet were at equal distances from Jupiter, for the 
western satellite was now also 3° from the planet. But at the sixth hour the fourth 
satellite was visible between the satellite on the east and Jupiter, in the following 
configuration (Fig. 53). The satellite furthest to the east was at a distance of 3° 
from the next in order; this one was at a distance of 1° 50°” from Jupiter; Jupiter 
was at a distance of 3° from the next satellite on the west, and this 7° from the 
satellite still further to the west. These were nearly equal in magnitude, only the 
satellite on the east nearest to Jupiter was a little smaller than the rest, and they 
were all in the same straight line parallel to the ecliptic. 

Feb. 19: 0 h. 40 m. — Two satellites only were in view, west of Jupiter, rather 
large, and arranged exactly in the same straight line with Jupiter, in the direction 
of the ecliptic (Fig. 54). The nearer satellite was at a distance of 7° from Jupiter 
and of 6’ from the satellite further to the west. 

Feb. 20. — The sky was cloudy. 

Feb. 21: 1 h. 30 m. — Three satellites, rather small, were in view, placed thus 
(Fig. 55). The satellite to the east was 2° from Jupiter; Jupiter was 3° from the 
next, which was on the west; and this one was 7° from the satellite further to the 
west. They were exactly in the same straight line parallel to the ecliptic. 

Feb. 25: 1 h. 30 m. (for on the three previous nights the sky was overcast). — 
Three satellites appeared, two on the east, which were at a distance of 4’ apart, 
the same as the distance of the nearer satellite from Jupiter; on the west there 
was one satellite at a distance of 2° from Jupiter. They were exactly in the same 
straight line in the direction of the ecliptic (Fig. 56). 

Feb. 26: 0 h. 30 m. — A pair of satellites only were present, one on the east, 
distant 10° from Jupiter; the other was on the west, at a distance of 6° (Fig. 57). 
The eastern satellite was slightly smaller than the western. At the fifth hour three 
satellites were visible; for, besides the two already noticed, a third satellite was 
in view, on the west, near Jupiter, very small, which previously had been hidden 
behind Jupiter, and it was at a distance of 1° from the planet (Fig. 58). 

But the satellite on the east was seen to be further off than before, being at a 
distance of 11° from Jupiter. On this night, for the first time, I determined to 
observe the motion of Jupiter and the adjacent planets (his satellites) along the 


zodiac, by reference to some fixed star; for there was a fixed star in view, 
eastwards of Jupiter, at a distance of 11° from the satellite on the east, and a little 
to the south, in the following manner (Fig. 59). 

Feb. 27: 1 h. 4 m. — The satellites appeared in the following configuration. 
The satellite furthest to the east was at a distance of 10° from Jupiter; the next in 
order was near Jupiter, being at a distance of 0° 30°° from the planet. The next 
satellite was on the western side, at a distance of 2° 30°° from Jupiter; and the 
satellite further to the west was at a distance of 1° from this. The two satellites 
near to Jupiter appeared small, especially the satellite on the east; but the 
satellites furthest off were very bright, particularly that on the west, and they 
made a straight line in the direction of the ecliptic exactly. The motion of the 
planets towards the east was plainly seen by reference to the aforesaid fixed star, 
for Jupiter and his attendant satellites were nearer to it, as may be seen in the 
accompanying figure (Fig. 60). At the fifth hour the satellite on the east, near to 
Jupiter, was 1° from the planet. 

Feb. 28: 1 h. — Only two satellites were visible, one on the east, at a distance 
of 9° from Jupiter, and another on the west, at a distance of 2°; they were both 
rather bright, and in the same straight line with Jupiter, and a straight line drawn 
from the fixed star perpendicular to this straight line fell upon the satellite on the 
east, as in the figure (Fig. 61). At the fifth hour a third satellite was seen at a 
distance of 2° from Jupiter, on the east, in the position shown in the figure (Fig. 
62). 

March 1: 0 h. 40 m. — Four satellites, all on the east of the planet, were seen; 
the satellite nearest to Jupiter was 2° from the planet; the next 1° from this; the 
third was 0° 20°° from the second, and was brighter than the others; and the 
satellite still further to the east was at a distance of 4° from it, and was smaller 
than the others (Fig. 63). They made a straight line very nearly, only the satellite 
third from Jupiter was slightly above the line. The fixed star formed with Jupiter 
and the most easterly satellite an equilateral triangle, as in the figure. 

March 2: 0 h. 40 m. — Three satellites were in attendance, two on the east 
and one on the west, in the configuration shown in the diagram (Fig. 64). The 
satellite furthest to the east was 7° from Jupiter; from this satellite the next was 
distant 0° 30°’, and the satellite on the west was separated from Jupiter by an 
interval of 2°. The satellites furthest off were brighter and larger than the 
remaining satellite, which appeared very small. The satellite furthest to the east 
seemed to be raised a little towards the north, out of the straight line drawn 
through the other satellites and Jupiter. 

The fixed star already noticed was at a distance of 8° from the western 
satellite, that is, from the perpendicular drawn from that satellite to the straight 


line drawn through all the system, as shown in the figure given. 

These determinations of the motion of Jupiter and the adjacent planets (his 
satellites) by reference to a fixed star, I have thought well to present to the notice 
of astronomers, in order that any one may be able to understand from them that 
the movements of these planets (Jupiter’s satellites) both in longitude and in 
latitude agree exactly with the motions [of Jupiter] which are extracted from 
tables. 

These are my observations upon the four Medicean planets, recently 
discovered for the first time by me; and although it is not yet permitted me to 
deduce by calculation from these observations the orbits of these bodies, yet I 
may be allowed to make some statements, based upon them, well worthy of 
attention. 

Deductions from the previous observations concerning the orbits and periods 
of Jupiter’s satellites. And, in the first place, since they are sometimes behind, 
sometimes before Jupiter, at like distances, and withdraw from this planet 
towards the east and towards the west only within very narrow limits of 
divergence, and since they accompany this planet alike when its motion is 
retrograde and direct, it can be a matter of doubt to no one that they perform 
their revolutions about this planet, while at the same time they all accomplish 
together orbits of twelve years’ length about the centre of the world. Moreover, 
they revolve in unequal circles, which is evidently the conclusion to be drawn 
from the fact that I have never been permitted to see two satellites in conjunction 
when their distance from Jupiter was great, whereas near Jupiter two, three, and 
sometimes all (four), have been found closely packed together. Moreover, it may 
be detected that the revolutions of the satellites which describe the smallest 
circles round Jupiter are the most rapid, for the satellites nearest to Jupiter are 
often to be seen in the east, when the day before they have appeared in the west, 
and contrariwise. Also the satellite moving in the greatest orbit seems to me, 
after carefully weighing the occasions of its returning to positions previously 
noticed, to have a periodic time of half a month.” Besides, we have a notable 
and splendid argument to remove the scruples of those who can tolerate the 
revolution of the planets round the Sun in the Copernican system, yet are so 
disturbed by the motion of one Moon about the Earth, while both accomplish an 
orbit of a year’s length about the Sun, that they consider that this theory of the 
constitution of the universe must be upset as impossible; for now we have not 
one planet only revolving about another, while both traverse a vast orbit about 
the Sun, but our sense of sight presents to us four satellites circling about Jupiter, 
like the Moon about the Earth, while the whole system travels over a mighty 
orbit about the Sun in the space of twelve years. 


Explanation of the variations in brightness of Jupiter’s satellites. Lastly, I 
must not pass over the consideration of the reason why it happens that the 
Medicean stars, in performing very small revolutions about Jupiter, seem 
sometimes more than twice as large as at other times. We can by no means look 
for the explanation in the mists of the Earth’s atmosphere, for they appear 
increased or diminished, while the discs of Jupiter and neighbouring fixed stars 
are seen quite unaltered. That they approach and recede from the Earth at the 
points of their revolutions nearest to and furthest from the Earth to such an 
extent as to account for so great changes seems altogether untenable, for a strict 
circular motion can by no means show those phenomena; and an elliptical 
motion (which in this case would be nearly rectilinear) seems to be both 
untenable and by no means in harmony with the phenomena observed. But I 
gladly publish the explanation which has occurred to me upon this subject, and 
submit it to the judgment and criticism of all true philosophers. It is certain that 
when atmospheric mists intervene the Sun and Moon appear larger, but the fixed 
stars and planets less than they really are; hence the former luminaries, when 
near the horizon, are larger than at other times, but stars appear smaller, and are 
frequently scarcely visible; also they are still more diminished if those mists are 
bathed in light; so stars appear very small by day and in the twilight, but the 
Moon does not appear so, as I have previously remarked. Moreover, it is certain 
that not only the Earth, but also the Moon, has its own vaporous sphere 
enveloping it, for the reasons which I have previously mentioned, and especially 
for those which shall be stated more fully in my System; and we may 
consistently decide that the same is true with regard to the rest of the planets; so 
that it seems to be by no means an untenable opinion to place round Jupiter also 
an atmosphere denser than the rest of the ether, about which, like the Moon 
about the sphere of the elements, the Medicean planets (Jupiter’s satellites) 
revolve; and that by the intervention of this atmosphere they appear smaller 
when they are in apogee; but when in perigee, through the absence or attenuation 
of that atmosphere, they appear larger. Want of time prevents my going further 
into these matters; my readers may expect further remarks upon these subjects in 
a short time. 

Original Configurations of Jupiter’s Satellites observed by Galileo in the 
months of January, February, and March 1610, and published with the 1st 
edition of his book Sidereus Nuncius, Venice, 1610. 
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A PART OF THE PREFACE TO KEPLER’S 
DIOPTRICS FORMING A CONTINUATION OF 
GALILEO’S SIDEREAL MESSENGER. 


In the preface to Kepler’s Dioptrics there are introduced letters of Galileo about 
the new and astonishing discoveries which he had made in the heavens by the 
aid of the telescope since the publication of his work, The Sidereal Messenger. 
The portion of the preface which refers to Galileo, containing these letters and 
Kepler’s remarks upon them, is added here, as continuing the original account of 
Galileo’s astronomical discoveries. 


Extract from the Preface of Kepler’s Dioptrics. Augsburg, 1611. 


Kepler remarks on the importance of the application of the telescope to 
astronomical investigations as indicated by Galileo’s discoveries, published in 
his Sidereal Messenger. “The Sidereal Messenger” of Galileo has been for a 
long time in everybody’s hands, also my “Discussion, such as it is, with this 
Messenger,” and my Brief Narrative in confirmation of Galileo’s Sidereal 
Messenger, so any reader may briefly weigh the chief points of that Messenger 
and see the nature and the value of the discoveries made by the aid of the 
telescope, the theory of which I am intending to demonstrate in this treatise. 
Actual sight testified that there is a certain bright heavenly body which we call 
the Moon. It was demonstrated from the laws of optics that this body is round; 
also Astronomy, by some arguments founded upon optics, had built up the 
conclusion that its distance from the earth is about sixty semi-diameters of the 
earth. Various spots showed themselves in that body; and the result was a 
dubious opinion among a few philosophers, derived from Hecateus’ account of 
the stories about the island of the Hyperboreans,”’ that the reflected images of 
mountains and valleys, sea and land, were seen there; but now the telescope 
places all these matters before our eyes in such a way that he must be an 
intellectual coward who, while enjoying such a view, still thinks that the matter 
is open to doubt. Nothing is more certain than that the southern parts of the 
moon teem with mountains, very many in number, and vast in size; and that the 
northern parts, inasmuch as they are lower, receive in most extensive lakes the 
water flowing down from the south. The conclusions which previously Pena 
published as disclosed by the aid of optics, started indeed from certain slight 


supports, rather than foundations, afforded by actual sight, but were proved by 
long arguments depending one upon another, so that they might be assigned to 
human reason rather than to sight; but now our very eyes, as if a new door of 
heaven had been opened, are led to the view of matters once hidden from them. 
But if it should please any one to exhaust the force of reasoning upon these new 
observations, who does not see how far the contemplation of nature will extend 
her boundaries, when we ask, “What is the use of the tracts of mountains and 
valleys, and the very wide expanse of seas in the moon?” and “May not some 
creature less noble than man be imagined such as might inhabit those tracts?” 

With no less certainty also do we decide by the use of this instrument even 
that famous question, which, coeval with philosophy itself, is disputed to this 
day by the noblest intellects — I mean, whether the earth can move (as the 
theory of the Planets greatly requires) without the overthrow of all bodies that 
have weight, or the confusion of the motion of the elements? For if the earth 
were banished from the centre of the universe, some fear lest the water should 
leave the orb of the earth and flow to the centre of the universe; and yet we see 
that in the moon, as well as in the earth, there is a quantity of moisture 
occupying the sunken hollows of that globe; and although this orb revolves 
actually in the ether, and outside the centres not merely of the universe, but even 
of our earth, yet the mass of water in the moon is not at all hindered from 
cleaving invariably to the orb of the moon, and tending to the centre of the body 
to which it belongs. So, by this instance of the phenomena of the moon, the 
science of optics amends the received theory of mechanics, and confirms on this 
point my introduction to my Commentaries upon the Motions of the Planet 
Mars.” 

The followers of the Samian philosophy (for I may use this epithet to 
designate the philosophy originated by the Samians, Pythagoras and Aristarchus) 
have a strong argument against the apparent immobility of the earth provided in 
the phenomena of the moon. For we are taught by optics that if any one of us 
was in the moon, to him the moon, his abode, would seem quite immovable, but 
our earth and sun and all the rest of the heavenly bodies movable; for the 
conclusions of sight are thus related. 

Pena has noticed how astronomers, using the principles of optics, have by 
most laborious reasoning removed the Milky Way from the elementary universe, 
where Aristotle had placed it, into the highest region of the ether; but now, by 
the aid of the telescope lately invented, the very eyes of astronomers are 
conducted straight to a thorough survey of the substance of the Milky Way; and 
whoever enjoys this sight is compelled to confess that the Milky Way is nothing 
else but a mass of extremely small stars. 


Again, up to this time the nature of nebulous stars had been entirely 
unknown; but if the telescope be directed to one of such nebulous balls, as 
Ptolemy calls them, it again shows, as in the case of the Milky Way, three or 
four very bright stars clustered very close together. 

Again, who without this instrument would have believed that the number of 
the fixed stars was ten times, or perhaps twenty times, more than that which is 
given in Ptolemy’s description of the fixed stars? And whence, pray, should we 
seek for conclusive evidence about the end or boundary of this visible universe, 
proving that it is actually the sphere of the fixed stars, and that there is nothing 
beyond, except from this very discovery by the telescope of this multitude of 
fixed stars, which is, as it were, the vaulting of the mobile universe? Again, how 
greatly an astronomer would go wrong in determining the magnitude of the fixed 
stars, except he should survey the stars all over again with a telescope, also may 
be seen in Galileo’s treatise, and we will also hereafter produce in proof a letter 
from a German astronomer. 

But no words can express my admiration of that chapter of the Sidereal 
Messenger where the story is told of the discovery, by the aid of a very highly 
finished telescope, of another world, as it were, in the planet Jupiter. The mind 
of the philosopher almost reels as he considers that there is a vast orb, which is 
equal in mass to fourteen orbs like the earth (unless on this point the telescope of 
Galileo shall shortly reveal something more exact than the measurements of 
Tycho Brahe) round which circle four moons, not unlike this moon of ours; the 
slowest revolving in the space of fourteen of our days, as Galileo has published; 
the next to this, by far the brightest of the four, in the space of eight days, as I 
detected in last April and May; the other two in still shorter periods. And here 
the reasoning of my Commentaries about the Planet Mars, applied to a similar 
case, induces me to conclude also that the actual orb of Jupiter rotates with very 
great rapidity, most certainly faster than once in the space of one of our days; so 
that this rotation of the mighty orb upon its own axis is accompanied wherever it 
goes by the perpetual circuits of those four moons. Moreover, this sun of ours, 
the common source of heat and light for this terrestrial world as well as for that 
world of Jupiter, which we consider to be of the angular magnitude of 30° at 
most, there scarcely subtends more than 6’ or 7’, and is found again in the same 
position among the fixed stars, having completed the zodiac in the interval, after 
a period of twelve of our years.* Accordingly, the creatures which live on that 
orb of Jupiter, while they contemplate the very swift courses of those four moons 
among the fixed stars, while they behold them and the sun rising and setting day 
by day, would swear by Jupiter-in-stone, like the Romans (for I have lately 
returned from those parts), that their orb of Jupiter remains immovable in one 


spot, and that the fixed stars and the sun, which are the bodies really at rest, no 
less than those four moons of theirs, revolve round that abode of theirs with 
manifold variety of motions. And from this instance now, much more than 
before from the instance of the moon, any follower of the Samian philosophy 
will learn what reply may be made to any one objecting to the theory of the 
motion of the earth as absurd, and alleging the evidence of our sight. O 
telescope, instrument of much knowledge, more precious than any sceptre! Is not 
he who holds thee in his hand made king and lord of the works of God? Truly 
“All that is overhead, the mighty orbs 

With all their motions, thou dost subjugate 

To man’s intelligence.” 


If there is any one in some degree friendly to Copernicus and the lights of the 
Samian philosophy, who finds this difficulty only, that he doubts how it can 
happen, supposing the earth to perform again and again her course among the 
planets through the ethereal plains, that the moon should keep so constantly by 
her side, like an inseparable companion, and at the same time fly round and 
round the actual orb of the earth, just like a faithful dog which goes round and 
round his master on some journey, now running in front, now deviating to this 
side or that, in ever-varying mazes, let him look at the planet Jupiter, which, as 
this telescope shows, certainly carries in its train not one such companion only, 
like the earth, as Copernicus showed, but actually four, that never leave it, 
though all the time hastening each in its own orbit. 

But enough has been said about these matters in my Discussion with the 
Sidereal Messenger. It is time that I should turn to those discoveries which have 
been made since the publication of Galileo’s Sidereal Messenger, and since my 
Discussion with it, by means of this telescope. 

Galileo’s discovery of Saturn’s ring (imperfectly). It is now just a year since 
Galileo wrote to Prague, and gave full notice that he had detected something new 
in the heavens beyond his former discoveries; and that there might not be any 
one who, with the intention of detracting from his credit, should try to pass 
himself off as an earlier observer of the phenomenon, Galileo gave a certain 
space of time for the publication of the new phenomena which any one had seen; 
he himself meanwhile described his discovery in letters transposed in this 
manner:smaismrmilmepoetaleumibunnugttauiras. Out of 
these letters I made an uncouth verse which I inserted in my Short Account in the 
month of September of last year: — Salve umbistineum™’ geminatum Martia 
proles. 


Hail, twin companionship, children of Mars. 

But I was a very long way from the meaning of the letters; it contained 
nothing to do with Mars; and, not to detain you, reader, here is the solution of 
the riddle in the words of Galileo himself, the author of it: — “Di Firenze li 13 
di Novembre 1610. — Ma passando ad altro, giacché il Sig. Keplero ha in questa 
sua ultima narrazione stampate le lettere che io mandai trasposte a Vostra 
Signoria Illustrissima e Reverendissima venendomi anco significato come Sua 
Maestà ne desidera il senso, ecco che io lo mando a Vostra Signoria Illustrissima 
per participarlo con Sua Maesta col Sig. Keplero e con chi piacera a Vostra 
Signoria Illustrissima bramando io che lo sappia ognuno. Le lettere dunque 
combinate nel lor vero senso dicono cosi, Altissimum planetam tergeminum 
observavi. 


Questo è, che Saturno con mia grandissima ammirazione ho osservato essere 
non una stella sola, ma tre insieme, le quali quasi si toccano; e sono tra di loro 
totalmente immobili, e constituite in questa guisa Quella di mezzo è assai più 
grande delle laterali; sono situate una da oriente, laltra da occidente, nella 
medesima linea retta a capello; non sono giustamente secondo la dirittura del 
Zodiaco, ma lľoccidentale si eleva alquanto verso Borea; forse sono parallele all’ 
Equinoziale?]. Se si guarderanno con un occhiale che non sia di grandissima 
moltiplicazione, non appariranno tre stelle ben distinte, ma parrà, che Saturno sia 
una stella lunghetta in forma di un’ oliva, così, Ma servendosi di un occhiale che 
moltiplichi più di mille volte in superficie, si vedranno tre globi distintissimi, che 
quasi si toccano, non apparendo trà essi maggior divisione di un sottil filo 
oscuro. Or ecco trovata la corte a Giove, e due Servi a questo Vecchio che 
Paiutano a camminare nè mai se gli staccano dal fianco. Intorno agli altri Pianeti 
non ci è novità alcuna, ec.” 

Although these words differ little from Latin, yet I will translate them that no 
difficulty may hinder my reader from following me. Thus then Galileo writes:— 
“But to come now to my second topic. Since Kepler has published in that recent 
‘Narrative’ of his the letters which I sent as an anagram to your illustrious 
Lordship, and since an intimation has been given me that his Majesty desires to 
be taught the meaning of those letters, I send it to your illustrious Lordship, that 
your Lordship may communicate it to his Majesty, to Kepler, and to any one 
your Lordship may wish. 

“The letters when joined together as they ought to be, say this, 

‘Altissimum planetam tergeminum observavi,’ 

‘I have observed the most distant of the planets to have a triple form.’ 


“For in truth I have found out with the most intense surprise that the planet 
Saturn is not merely one single star, but three stars very close together, so much 
so that they are all but in contact one with another. They are quite immovable 
with regard to each other, and are arranged in this manner, The middle star of the 
three is by far greater than the two on either side. They are situated one towards 
the east, the other towards the west, in one straight line to a hair’s-breadth; not, 
however, exactly in the direction of the Zodiac, for the star furthest to the west 
rises somewhat towards the north; perhaps they are parallel to the equator. If you 
look at them through a glass that does not multiply much, the stars will not 
appear Clearly separate from one another, but Saturn’s orb will appear somewhat 
elongated, of the shape of an olive, thus, But if you should use a glass which 
multiplies a surface more than a thousand times, there will appear very distinctly 
three orbs, almost touching one another; and they will be thought to be not 
farther apart than the breadth of a very fine and scarcely visible thread. So you 
see a guard of satellites has been found for Jupiter, and for the decrepit little old 
man two servants to help his steps and never leave his side. Concerning the rest 
of the planets I have found nothing new.” 

So says Galileo; but if I may do so, I will not make an old dotard out of 
Saturn, and two servants for him out of his companion orbs, but rather out of 
those three united bodies I will make a triple Geryon, out of Galileo Hercules, 
and out of the telescope his club, armed with which, Galileo has conquered that 
most distant of the planets, drawn it out of the furthest recesses of nature, 
dragged it down to earth, and exposed it to the gaze of us all. It pleases me too, 
now that the nest has been found, to consider with curiosity what kind of brood 
must be in it, what kind of life, if there be any life there, between orbs which all 
but touch each other two and two, where not even “a space 

Of sky extends not more than three ells wide,” 

but where there is scarcely a chink of a nail’s-breadth all round. 

Do indeed the astrologers rightly ascribe to Saturn the guardianship of 
miners, who, accustomed to spend their lives, like moles, underground, seldom 
breathe the free air under the open sky? Although the darkness here is rather 
more supportable than in Saturn, because the sun, which appears there only as 
large as Venus appears to us on the earth, continually casts its rays through the 
spaces between the different orbs in such a way that those inhabitants who are 
situated on one orb are covered by the other as by a ceiling; while those on the 
latter orb, on the top of this roof of theirs, exposed as it is to the full light of the 
sun, receive a glare as if from very firebrands. But I must draw in the reins and 
check my mind in its enjoyment of the free fields of ether; for fear, perchance, 


later observations should report something different from the first account, 
something changed in course of time.” 


Account of Galileo’s discovery of the phases of Venus. 


At the end of his letter Galileo seemed to think that he had come to the end of 
his reports about the planets, and observations of new phenomena respecting 
them, but ever on the watch, that eye of his, that one not of Nature’s making — I 
mean his telescope — in a short time made more discoveries, concerning which 
read the following letter of Galileo: — “Di Firenze li 11 di Decembre 1610. — 
Sto con desiderio, attendendo la risposta a due mie scritte ultimamente per 
sentire quello, che avera detto il Sig. Keplero della stravaganza di Saturno. 
Intanto mando [a Vostra Signoria Illustrissima e Reverendissima] la cifra di un 
altro particolare osservato da me nuovamente, il quale si tira dietro la decisione 
di grandissime controversie in Astronomia, ed in particolare contiene in se un 
gagliardo argomento per la constitutione [Pitagorica e Copernicana] 
dell’Universo; e a suo tempo pubblichero la deciferazione ed altri particolari. 
Spero che avero trovato il metodo per definire i periodi dei quattro Pianeti 
Medicei, stimati con gran ragione quasi inesplicabili dal Sig. Keplero, al quale 
piacera, ec. 

“Le lettere trasposte sono queste: 

“Haec immatura a me jam frustra leguntur, 0.y.” 

Which may be translated thus: — 

“T am anxiously looking for an answer to my last two letters, that I may learn 
what Kepler says about the marvels of Saturn’s orb. In the meantime I send him 
a riddle concerning a certain new and splendid observation which tends to decide 
great controversies in astronomy; and especially contains a fine argument in 
favour of the Pythagorean and Copernican system of the universe. At the proper 
time I will publish the solution of the riddle, and some other particulars. I hope 
that I have found a method of determining the periodic times of the four 
Medicean planets, which Kepler, not without very good reason, thought 
inexplicable, etc. 

“The letters turned into an anagram, are these: 

“Haec immatura a me jam frustra leguntur, 0.y.” 

So far Galileo. But if, reader, this letter has filled you with a desire to know 
the meaning contained in those letters, then you must read another letter of 
Galileo which follows. 

Fig. 1. 


E the Earth (centre of universe). S the Sun. C centre of eccentric. D centre of 
planet’s epicycle. VV’ stationary points. s v v’ projections of SVV’ on the ecliptic 
of which E is the centre. 

Fig. 2 


S the Sun, centre of solar system. v e positions of planet and Earth at 
conjunction. VV’ stationary points of planet. EE’ corresponding positions of the 
Earth. 

But before you do so, I should like you to notice, by the way, what Galileo 
says about the Pythagorean and Copernican system of the universe. For he points 
to my Mystery of the Universe, published fourteen years ago, in which I took 
the dimensions of the Planetary orbits according to the astronomy of Copernicus, 
who makes the sun immovable in the centre, and the earth movable both round 
the sun and upon its own axis; and I showed that the differences of their orbits 
corresponded to the five regular Pythagorean figures, which had been already 
distributed by their author among the elements of the world, though the attempt 
was admirable rather than happy or legitimate, and for which figures’ sake 
Euclid wrote the whole of his Geometry. Now, in that Mystery you may find a 
sort of combination of Astronomy and Euclid’s Geometry, and through this 
combination a most thorough completion and finishing of them both; and this 
was the reason why I waited with intense longing to see what sort of an 
argument Galileo would produce in favour of the Pythagorean system of the 


universe. After this explanation, Galileo’s letter about this argument was as 
follows: — “Tllustrissimo e Reverendissimo Signore mio colendissimo. 

“È tempo che io deciferi a Vostra Signoria Illustrissima e Reverendissima e 
per lei al Sig. Keplero le lettere trasposte le quali alcune settimane sono le inviai; 
è tempo dico, giacchè sono interamente chiaro della verità del fatto, sicchè non 
ci resta un minimo scrupolo, o dubbio. Sapranno dunque come circa a tre mesi fa 
vedendosi Venere vespertina la cominciai ad osservar diligentemente 
coll’occhiale, per veder col senso stesso quello di che non dubitava punto 
Pintelletto. La vidi dunque sul principio di figura rotonda, pulita e terminata, ma 
molto picciola; di tal figura si mantenne sino che cominciò ad avvicinarsi alla 
sua massima digressione, ma tra tanto andò crescendo in mole. Cominciò poi a 
mancare dalla rotondità nella sua parte orientale ed avversa al Sole, e in pochi 
giorni si ridusse ad esser un mezzo cerchio perfettissimo, e tale si mantenne, 
senza punto alterarsi, finchè incominciò à ritirarsi verso il Sole, allontanandosi 
dalla tangente. Ora va calando dal mezzo cerchio, e si mostra cornicolata, e 
anderà assottigliandosi sino all’occultazione, riducendosi allora con corna 
sottilissime. Quindi passando all’ apparizione mattutina, la vedremo pur falcata, e 
sottilissima e colle corna avverse al Sole; anderà poi crescendo fino alla massima 
digressione, dove apparirà semicircolare, e tale senza alterarsi si manterrà molti 
giorni, e poi dal mezzo cerchio passerà presto al tutto tondo, e così rotonda si 
conserverà poi per molti mesi. Il suo diametro adesso è circa cinque volte 
maggiore di quello, che si mostrava nella sua prima apparizione vespertina; dalla 
quale mirabile esperienza abbiamo sensata, e certa dimostrazione di due gran 
questioni state fin qui dubbie tra i maggiori ingegni del Mondo. L’una è, che i 
Pianeti tutti son di lor natura tenebrosi (accadendo anco a Mercurio l’istesso, che 
a Venere). L’altra, che Venere necessarissimamente si volge intorno al Sole, 
come anco Mercurio, cosa, che degli altri Pianeti, fu creduta da’ Pitagorici, dal 
Copernico, dal Keplero e da’ loro seguaci, ma non sensatamente provata, come 
ora in Venere, ed in Mercurio. 

“Averanno dunque il Sig. Keplero, e gli altri Copernicani da gloriarsi di aver 
creduto e filosofato bene, sebbene ci è toccato, e ci è per toccare ancora ad esser 
reputati dall’ università dei Filosofi in libris, per poco intendenti, e poco meno 
che stolti. 

“Le parole dunque, che mandai trasposte, e che dicevano, 

Haec immatura a me jam frustra leguntur, o.y. 

dicono ordinate 

Cynthiae figuras aemulatur mater amorum. 

“Cioè, che Venere imita le figure della Luna. Osservai tre notti sono 
Pecclisse, nella quale non vi è cosa notabile, solo si vede il taglio dell’ ombra 


indistinto, confuso e come annebbiato, e questo per derivare essa ombra dalla 
Terra lontanissima da essa Luna. Voleva scrivere altri particolari, ma essendo 
stato trattenuto molto da alcuni gentiluomini, ed essendo lora tardissima, son 
forzato a finire. Favoriscami salutare in mio nome i SS. Keplero, Asdale e 
Segheti, ed a Vostra Signoria Illustrissima con ogni reverenza bacio le mani, e 
dal Signore Dio gli prego felicita. Di Firenze il primo di Gennaio 1610. Ab 
Incarnatione. 

“Di Vostra Signoria Illustrissima e Reverendissima Servidore obbligatissimo. 

Galileo Galilei.” 

Such is Galileo’s letter; but let me give you the substance of it: — 

“Tt is time for me to disclose the method of reading the letters which some 
weeks since I sent you as an anagram. It is time now, I mean, after I have 
become quite certain about the matter, so much so that I have no longer even a 
shadow of doubt. You must know then that about three months ago, when the 
star of Venus could be seen, I began to look at it through a telescope with great 
attention, so that I might grasp with my physical senses an idea which I was 
entertaining as certain. At first then you must know the planet Venus appeared of 
a perfectly circular form, accurately so, and bounded by a distinct edge, but very 
small; this figure Venus kept until it began to approach its greatest distance from 
the sun, and meanwhile the apparent size of its orb kept on increasing. From that 
time it began to lose its roundness on the eastern side, which was turned away 
from the sun, and in a few days it contracted its visible portion into an exact 
semicircle; that figure lasted without the smallest alteration until it began to 
return towards the sun where it leaves the tangent drawn to its epicycle.~2 At this 
time it loses the semicircular form more and more, and keeps on diminishing that 
figure until its conjunction, when it will wane to a very thin crescent. After 
completing its passage past the sun, it will appear to us, at its appearance as a 
morning star, as only sickle-shaped, turning a very thin crescent away from the 
sun; afterwards the crescent will fill up more and more until the planet reaches 
its greatest distance from the sun, in which position it will appear semicircular, 
and that figure will last for many days without appreciable variation. Then by 
degrees, from being semicircular it will change to a full orb, and will keep that 
perfectly circular figure for several months; but at this instant the diameter of the 
orb of Venus is about five times as large as that which it showed at its first 
appearance as an evening star. 

“From the observation of these wonderful phenomena we are supplied with a 
determination most conclusive, and appealing to the evidence of our senses, of 
two very important problems, which up to this day were discussed by the 
greatest intellects with different conclusions. One is that the planets are bodies 


not self-luminous (if we may entertain the same views about Mercury as we do 
about Venus). The second is that we are absolutely compelled to say that Venus 
(and Mercury also) revolves round the sun, as do also all the rest of the planets. 
A truth believed indeed by the Pythagorean school, by Copernicus, and by 
Kepler, but never proved by the evidence of our senses, as it is now proved in 
the case of Venus and Mercury. Kepler therefore and the rest of the school of 
Copernicus have good reason for boasting that they have shown themselves 
good philosophers, and that their belief was not devoid of foundation; however 
much it has been their lot, and may even hereafter be their lot, to be regarded by 
the philosophers of our times, who philosophise on paper, with an universal 
agreement, as men of no intellect, and little better than absolute fools. 

“The words which I sent with their letters transposed, and which said, Haec 
immatura a me jam frustra leguntur, o.y. 

when reduced to their proper order, read thus, 

Cynthiae figuras aemulatur mater amorum: 

The mother of the Loves rivals the phases of Cynthia: 

that is, 

Venus imitates the phases of the Moon. 

“Three days ago I observed an eclipse of the moon, but not anything worthy 
of special notice occurred in it. Only the edge of the shadow appeared indistinct, 
blurred, and hazy; the cause of the phenomenon no doubt is that the shadow has 
its origin at the earth, at a great distance from the body of the moon. 

“I have some other particulars, but I am prevented by time from writing about 
them, etc.” 

So writes Galileo. 


What now, dear reader, shall we make out of our telescope? Shall we make a 
Mercury’s magic-wand to cross the liquid ether with, and, like Lucian,” lead a 
colony to the uninhabited evening star, allured by the sweetness of the place? or 
shall we make it a Cupid’s arrow, which, entering by our eyes, has pierced our 
inmost mind, and fired us with a love of Venus? For what language is too strong 
for the marvellous beauty of this orb, if, having no light of its own, it can attain 
simply by the borrowed light of the sun to such splendour, as Jupiter has not, nor 
the moon, though enjoying a proximity to the sun as close as Venus; for if the 
moon’s light be compared with the light of Venus, it will be seen to be certainly 
greater on account of the apparent magnitude of the moon, but, in comparison 
with the light of Venus, dull, dead, and leaden. O truly golden Venus! Will any 
one doubt any more that the whole orb of Venus is wrought most smoothly out 
of pure unalloyed gold, since its surface, when only placed in the sunlight, 


reflects a splendour so intense! And here let me add my experiments about the 
alteration of the light of Venus on blinking the eye, which I have examined in 
the part of my Astronomy which treats of Optics. Reasoning will be able to 
conclude nothing else but this, that the orb of Venus turns on its own axis with 
an exceedingly swift rotation, displaying one after another different parts of its 
surface which are more or less capable of retaining the sun’s light.” 


Galileo’s conclusions with regard to the inherent nature of the brightness of the 
stars. 


But enough of my own conclusions. Let us now hear as an epilogue Galileo’s 
conclusions built up out of all the observations which he has made with his 
telescope, and announced from time to time. Thus he writes once more: — 
“Illustrissimo e Reverendissimo Signore mio colendissimo. 

“Ho ricevuto gusto, e contento particolarissimo nella lettura dell’ ultima di 
Vostra Signoria Illustrissima e Reverendissima delli 7 stante, ed in particolare in 
quella parte dove ella m’accenna la favorevole inclinazione dell’ Illustriss. Sig. 
Cons. Wackher, verso di me, la quale io infinitamente stimo, ed apprezzo; e 
poiche quella ha principalmente origine dall’ aver io incontrate osservazioni 
necessariamente dimostranti conclusioni per avanti tenute vere da sua Signoria 
Illustrissima per confermarmi maggiormente il possesso di grazia tanto pregiata 
da me, prego Vostra Signoria Illustrissima e Reverendissima a fargli intendere 
per mia parte come conforme alla credenza di Sua Signoria Illustrissima ho 
dimostrazione certa, che siccome tutti i Pianeti ricevono il lume dal Sole, 
essendo per se stessi tenebrosi, e opachi; cosi le Stelle fisse risplendono per lor 
natura, non bisognose dell’ illustrazione de’ raggi solari, li quali, Dio sa, se 
arrivino a tanta altezza, piu di quello, che arrivi a noi il lume di una di esse fisse. 
Il principal fondamento del mio discorso è nell’ osservare io molto 
evidentemente con gli occhiali che quei Pianeti di mano in mano, che si trovano 
più vicini a noi, o al Sole, ricevono maggiore splendore, e più illustremente ce lo 
riverberano; e perciò Marte perigeo, e a noi vicinissimo si vede assai più 
splendido, che Giove; benchè a quello di mole assai inferiore; e difficilmente se 
gli può coll’ occhiale levare quella irradiazione, che impedisce il vedere il suo 
disco terminato, e rotondo; il che in Giove non accade, vedendosi esquisitamente 
circolare. Saturno poi per la sua gran lontananza si vede esattamente terminato, 
sì la Stella maggiore di mezzo, come le due piccole laterali; ed appare il suo 
lume languido, ed abbacinato e senza niuna irradiazione, che impedisca il 
distinguere i suoi tre piccoli globi terminatissimi. Ora poichè apertamente 
veggiamo, che il Sole molto splendidamente illustra Marte vicino, e che molto 


più languido è il lume di Giove (sebbene senza lo strumento appare assai chiaro, 
il che accade per la grandezza, e candore della Stella) languidissimo, e fosco 
quello di Saturno, come molto più lontano, quali doveriano apparirci le Stelle 
fisse lontane indicibilmente più di Saturno, quando il lume loro derivasse dal 
Sole? Certamente debolissime, torbide e smorte. Ma tutto l’opposito si vede, 
perocchè se rimireremo per esempio il Cane, incontreremo un fulgore vivissimo, 
che quasi ci toglie la vista, con una vibrazione di raggi tanto fiera, e possente, 
che in comparazione di quello rimangono i Pianeti, e dico Giove e Venere stessa, 
come un impurissimo vetro appresso un limpidissimo e finissimo diamante. E 
benchè il disco di esso Cane apparisca non maggiore della cinquantesima parte 
di quello di Giove, tuttavia la sua irradiazione è grande, e fiera in modo, che 
Pistesso globo tra i proprii crini s’implica, e quasi si perde, e con qualche 
difficoltà si distingue; dove che Giove (e molto più Saturno) si vedono e 
terminati, e di una luce languida, e per così dire quieta. E per tanto io stimo, che 
bene filosoferemo, referendo la causa della scintillazione delle Stelle fisse, al 
vibrare, che elle fanno dello splendore proprio e nativo dall’intima loro sustanza; 
dove che nella superficie de? Pianeti termina più presto, e si finisce 
Pilluminazione, che dal Sole deriva, e si parte. Se io sentirò qualche particolare 
questione ricevuta dal medesimo Sig. Wackher, non resterò d’affaticarmivi 
intorno, per dimostrarmi, quale io sono desiderosissimo di servire un tanto 
Signore, e non già con isperanza di aggiungere al termine conseguito dal suo 
discorso, perchè benissimo comprendo, che a quanto sia passato per lo finissimo 
cribro del giudizio di esso, e del Sig. Keplero, non si può aggiungere di 
squisitezza; nè io pretenderei altro, che col dubitare, e mal filosofare, eccitar loro 
al ritrovamento di nuove sottigliezze. Gl’ingegni singolari, che in gran numero 
fioriscono nell’ Alemagna, mi hanno lungo tempo tenuto in desiderio di vederla, 
il qual desiderio ora si raddoppia per la nuova grazia dell’Illustrissimo Sig. 
Wackher, la quale mi farebbe divenir grande ogni picciola occasione, che mi si 
presentasse. Ma ho di soverchio occupata Vostra Signoria Illustrissima e 
Reverendissima. Degnisi per fine di offerirmi e dedicarmi devotissimo servidore 
all’ Illustrissimo Sig. Wackher, salutando anco caramente il Sig. Keplero, ed a lei 
con ogni riverenza bacio le mani, e dal Signore Dio le prego somma felicita. 

“(Di Firenze li 26] di Marzo 1611. Di Vostra Signoria Illustrissima e 
Reverendissima obbligatissimo Servidore, Galileo Galilei.” 

When translated, the meaning is as follows: — 

“Your last letter has exceedingly pleased me, especially that part which 
assures me of the friendly feeling entertained towards me by the most illustrious 
Imperial Counsellor, Wagher, which I for my part highly appreciate. And since 
the cause of this friendliness is, that I have incontestably demonstrated by some 


observations of mine certain conclusions which he had long held as true, I wish 
to confirm my possession of favour, which I value so much, and accordingly I 
ask you to give him this piece of news from me; that I have most conclusive 
arguments ready, showing clearly that, just as he holds, all the planets receive 
their light from the sun, being by constitution bodies dark and devoid of light;° 
but that the fixed stars shine by their own proper light, not needing to be 
illuminated by the sun’s rays, since God knows whether they reach the very 
remote region of the fixed stars with intensity even equal to the small intensity 
with which the rays of the fixed stars come down to us. 

“My demonstration depends chiefly on this fact, that with the telescope I have 
distinctly observed that the planets receive greater brightness, and reflect it more 
intensely, in proportion as each one is nearer to us and to the sun. So Mars in 
perigee, that is, when nearest to the earth, greatly surpasses Jupiter in brightness, 
although in actual size it is far inferior to Jupiter; and in consequence it is 
difficult to receive the effulgence of this planet in the telescope, for it is so great 
as to prevent the eye from being able to distinguish the circular termination of 
the planet’s disc. This does not happen in the case of Jupiter, for it appears quite 
circular. The next planet, Saturn, on account of its great distance likewise — for 
indeed it is the most remote of the planets, — appears bounded by a well-defined 
edge, both the greater orb in the middle and the two small orbs at its sides. 
Indeed, it appears to shine with a faint and delicate light, without any effulgence 
to prevent an observer recognising the well-defined termination of its three orbs. 
Since, then, we see that Mars, the nearest of the three, is illumined by the sun 
with very great splendour, and that the light of Jupiter, at a greater distance, is 
much more faint (although without the use of an instrument it appears tolerably 
bright, which is due to the size and brilliancy of its body), and that the light of 
Saturn, at the greatest distance, is most faint, and almost watery, of what kind, 
do you think, would appear the light of the fixed stars, which are at an 
immeasurable distance further from the sun than Saturn, if they only received 
light from the sun? Most certainly, extremely feeble, indistinct, and pallid. And 
yet we find quite the contrary; for, let us look with our eyes at the Dog-Star, for 
example. We shall encounter a most vivid brilliancy, which almost pricks the 
eye with the rapid sparkling of its rays, of such intensity that, in comparison with 
it, the planets, even Jupiter, and Venus too, are as thoroughly outshone as 
common and bad glass compared with a highly polished and most sparkling 
diamond. And although the orb of the Dog-Star appears no larger than the 
fiftieth part of Jupiter’s disc, nevertheless its brilliancy is great and very strong; 
so that the form of its disc, which you expect to see, hides itself among the rays 
of its own refulgence, envelops itself in them, and almost disappears; and it is 


not distinguished without some difficulty from the rays which surround it. 
Whereas Jupiter, and still more Saturn, are seen well defined; and their light is 
without intensity, and, if I may say so, quiescent. Wherefore I think that we shall 
rightly apply our philosophy if we refer the cause of the twinkling of the fixed 
stars to vibrations of a brilliancy, which is their own, belonging to their 
constitution, and inherent in their substance, and say, on the other hand, that the 
illumination of the planets, which is derived from the sun, and distributed to the 
world, is limited to their surface.” 

These are the scientific conclusions in Galileo’s letter; the rest I omit. 

You see then, studious reader, how the subtle mind of Galileo, in my opinion 
the first philosopher of the day, uses this telescope of ours like a sort of ladder, 
scales the furthest and loftiest walls of the visible world, surveys all things with 
his own eyes, and, from the position he has gained, darts the glances of his most 
acute intellect upon these petty abodes of ours — the planetary spheres I mean, 
— and compares with keenest reasoning the distant with the near, the lofty with 
the deep. 

VALE ET DEUM IN OPERIBUS SUIS CELEBRARE NUNQUAM 
DESINE. 

Kepler, Narratio. 


ENDNOTES. 


1 Propertius, iii. 2. 17-22. 


2 Compare Lucretius iv. 881: Dico animo nostro primum simulacra meandi Accidere, atque animum 
pulsare. 


3 The satellites of Jupiter are here called “the Cosmian Stars” in honour of Cosmo de’ Medici, but 
elsewhere Galileo calls them “the Medicean Stars.” Kepler sometimes calls them “the Medicean Stars,” but 
more often “satellites.” 


4 Galileo says, “per sex denas fere terrestres diametros a nobis remotum” by mistake for semi-diametros, 
and the same mistake occurs in p. 11. 


3 The words used by Galileo for “telescope” are perspicillum, specillum instrumentum, organum, and 
occhiale (Ital.). Kepler uses also oculare tubus, arundo dioptrica. The word “telescopium” is used by 
Gassendi, 1647. 


8 «Vix per duas Telluris diametros,” by mistake for “semi-diametros.” 


7 








The line C H in Galileo’s figure represents the small pencil of rays from H which, after refraction through 
the telescope, reach the eye E. The enlarged figure shows that if O P be the radius of the aperture employed, 
the point H of the object would be just outside the field of view. The method, however, is at best only a very 
rough one, as the boundary of the field of view in this telescope is unavoidably indistinct. 


8 Specimens of frosted or crackled Venetian glass are to be seen in the Slade Collection, British Museum, 
and fully justify Galileo’s comparison. 


2 Webb, Celestial Objects for Common Telescopes, p. 104, suggests this identification. 


10 Tn the list of the heights of lunar mountains determined by Beer and Maedler, given in their work Der 
Mond (Berlin, 1837), there are six which exceed 3000 toises, or 19,000 British feet. 


11 The illumination of the Moon in eclipses, noticed by Galileo, is now referred to the refraction of the 
sunlight by the earth’s atmosphere, and the reddish colour of the light is explained by Herschel (Outlines of 
Astronomy, ch. vii.) to be due to the absorption of the violet and blue rays by the aqueous vapour of the 
Earth’s atmosphere. The idea of a sensible lunar atmosphere is not in accordance with the observed 
phenomena of the occultations of stars. 


12 Galileo’s Systema Mundi. Owing to the violent opposition provoked by the discussion of the discoveries 
of Galileo, and their bearing on the Copernican system of astronomy, Galileo seems to have found it 
necessary to delay the publication of this work until 1632, when, believing himself safe under the friendship 
and patronage of Pope Urban VIII. and others in power at Rome, he at length published it. Urban, however, 
now turned against him, denounced the book and its author, and summoned him to Rome, where the well- 
known incidents of his trial and condemnation took place. 


13 The immense distance of stars makes it impossible for them to be magnified by any telescope, however 
powerful; the apparent or spurious disc is an optical effect, which depends on the telescope used, and is 
smallest with the largest aperture. 


14 The times of Galileo’s observations are to be understood as reckoned from sunset. 


13 The satellites of Jupiter revolve in planes very nearly, although not exactly, coincident with that of the 
equator of the planet, which is inclined 3° 5° 30° to the orbit of the planet, and the plane of the orbit is 
inclined 1° 18° 51” to the ecliptic. 


16 Galileo continues to call these bodies stars, perhaps meaning “Medicean stars,” throughout the 
description of their configurations, but as he had now detected their nature, it is more convenient to call 
them satellites, the term introduced by Kepler. 


17 In the edition of Galileo’s works published at Florence, 1854, there are given the tables of the hourly 
movements of the satellites of Jupiter, from which Galileo determined their periods of revolution. In the 
beginning of his treatise on floating bodies, Discorso intorno i Galleggianti, 1611-12, Galileo gives the 
times of rotation as approximately, (i.) 1 d. 18-1/2 h.; (ii.) 3 d. 13-1/3 h.; (iii.) 7 d. 4 h.; (iv.) 16 d. 18 h.; he 
also published configurations of the satellites calculated for March, April, and a part of May 1613. The 
periodic times of the satellites, as corrected by later observers, are, (i.) 1 d. 18 h. 28 m.; (ii.) 3 d. 13 h. 15 
m.; (iii.) 7 d. 3 h. 43 m.; (iv.) 16 d. 16 h. 32 m. 


18 Modern astronomers agree in assigning an atmosphere to Jupiter, but consider it not extensive enough to 
affect the brightness of the satellites. — (Webb, Celestial Objects for Common Telescopes.) Their absolute 
magnitudes are different, and their surfaces have been observed to be obscured by spots, which may 
account for the variations of their brightness. These spots, like the lunar spots, are probably due to 
variations of reflective power at different parts of their surfaces, for as they always turn the same face to 
Jupiter, they present different portions of their surfaces to us periodically, and it has been ascertained by 
observation that “these fluctuations in their brightness are periodical, depending on their position with 


respect to the Sun.” — (Herschel, Outlines of Astronomy; Arago, Astronomie Populaire, 1854.) 12 Diodorus 
Siculus, ii. 47. 


20 Kepler says in his introduction to his Commentaries upon the Motions of the Planet Mars, that the theory 
of gravitation depends on certain axioms, one of which is that “heavy bodies do not tend to the centre of the 
universe, supposing the earth to be placed there, because that point is the centre of the universe, but because 
it is the centre of the earth. So, wherever the earth be set, or whithersoever it be transported, heavy bodies 
have a continual tendency to it.” Kepler’s object in this work was to correct the methods for determining the 
apparent places of the planets according to the three theories then current — the Ptolemaic, the Copernican, 
and that of Tycho Brahe. 


In 1593 the observed place of the planet Mars differed by nearly 5° from the place calculated for it. Kepler 
accordingly studied the motions of this planet, and “by most laborious demonstrations and discussions of 
many observations,” arrived at the conclusions known as Kepler’s first and second laws; according to which 
the Copernican system of eccentrics and epicycles was replaced by an ellipse whose centre and eccentricity 
were the same as the centre and eccentricity of the eccentric in the older method, and the Sun therefore was 
in one of the foci. Also the motion of the planet in its orbit was such that equal areas were described about 
the Sun by the radius vector of the planet in equal times. — Kepler, Astronomia Nova aitioAoyntdc 
(Prague), 1609. 


21 The degree of accuracy attained by Kepler and Galileo with their imperfect instruments will be 
appreciated by comparing these statements with the determinations of later astronomers. Jupiter is about 
1300 times the size of the Earth. Its diameter is about 87,000 miles; time of rotation, 9 h. 55 m. 21 sec.; time 
of revolution, 4333 days nearly. The angular diameter of the sun, seen from Jupiter, is between 6° and 7’. 
The times of revolution of the four satellites are, as already given: (i.) 1 d. 18 h. 28 m., (ii.) 3 d. 13 h. 15 m., 
(iii.) 7 d. 3 h. 43 m., (iv.) 16 d. 16 h. 32 m. 


22 Umbistineum. Apparently this is some German word with a Latin ending, such as um-bei-stehn; Kepler 
fancied that Galileo had discovered two satellites of Mars. 


23 The text of the four letters of Galileo followed here is that given in the edition of Galileo’s works 
published at Florence, 1842-56; that in the edition of Kepler’s Dioptrics, published at Augsburg, 1611, is 
very inaccurate. These letters were written to Giuliano de’ Medici, ambassador of the Grand-Duke of 
Tuscany to the Emperor Rudolf II. at Prague. 


24 Virgil, Eclog. iii. 105. 


25 The completion of Galileo’s observations on Saturn depended on the improvement of astronomical 
instruments, as will be evident from the following sketch. Galileo made out the first indications of Saturn’s 
ring in 1610, as narrated in his letter, with a power of thirty; but in December 1612 he wrote to one of his 
friends, Marco Velseri, that he could no longer see these indications, and began to imagine that his 
telescope had deceived him, and apparently abandoned further researches. Hevelius in 1642 saw the ring 
more clearly, but figured it as two crescents attached to Saturn by their cusps. At length, in 1653, Huyghens 
provided himself with a power of one hundred, having made the lenses with his own hands, and 
immediately discovered the explanation of the phenomena which had baffled previous observers. He 
published his explanation of Saturn’s ring, and his discovery of the first satellite, in his Systema Saturnium, 
1659. Cassini, with still more powerful instruments, discovered four more satellites in 1671, 1672, 1684. Sir 
William Herschel in 1789 detected two more, “which can only be seen with telescopes of extraordinary 
power and perfection, and under the most favourable atmospheric circumstances.” — (Herschel, Outlines of 


Astronomy, § 548.) And the last of the eight satellites was discovered in 1848 by Lassell of Liverpool, and 
Bond of Cambridge, U.S., simultaneously. 


28 Kepler, in his Mystery of the Universe, endeavoured to connect the orbits of the planets with the five 
regular solids, thus: If in a sphere (i.) a cube be inscribed, and in the cube a sphere (ii.); and in that sphere a 
tetrahedron, and in the tetrahedron a sphere (iii.); and in that sphere a dodecahedron, and in the 
dodecahedron a sphere (iv.); and in that sphere an icosahedron, and in the icosahedron a sphere (v.); and in 
that sphere an octahedron, and in the octahedron a sphere (vi.), the diameters of these six spheres will be 
proportional to the diameters of the orbits of Saturn, Jupiter, Mars, the Earth, Venus, and Mercury 
respectively; or, as Kepler expresses it, the common centre of these spheres represents the position of the 
Sun, and the six spheres represent the spheres of the planets. 


By these considerations, however, Kepler was led to enunciate his third law, that the squares of the periodic 
times of planets are proportional to the cubes of their mean distances from the sun. — Kepler, Prodromus 


Dissertationum Mathematicarum continens Mysterium Cosmographicum, etc. (Tübingen, 1596.) 22 Th the 
Ptolemaic system the earth’s centre was regarded as the centre of the universe, and the movements of the 
heavenly bodies were explained by eccentrics and epicycles. The sun was conceived to describe a circle 
about a point not exactly coinciding with the centre of the earth, called the sun’s eccentric. The planets 
described epicycles (circles) whose centres described eccentrics (circles), and the centres of these eccentrics 
coincided with the centre of the sun’s eccentric. In the case of Mercury and Venus the centre of the epicycle 
was always on the line drawn from the centre of the eccentric to the sun’s centre. In the case of the other 
planets the construction was more complicated. The stationary points were determined by drawing tangents 
from the earth’s centre (or the observer) to the epicycle, as in the figure (1). — (Gassendi, Institutio 
Astronomica, 1647.) This will explain Kepler’s description of the stationary points as the points where the 
planet leaves the tangent to its epicycle, supposing that he uses the terms of the current (i.e. Ptolemaic) 
astronomy. Copernicus placed the sun instead of the earth at the centre of the universe, but to determine the 
positions of the planets at any given time with as much accuracy as was attainable with the Ptolemaic 
system, he was obliged to use a similar method of eccentrics and epicycles, so that Kepler’s expression may 
be understood to describe the stationary points according to the Copernican theory, though it is still strange 
that he should not recognise the elliptical form of the planetary orbits, which he had lately demonstrated 
after most laborious reasoning in his Commentaries on the Motion of the Planet Mars, 1609. Galileo’s own 
expression seems to describe the stationary points according to the Copernican system, as would be 
expected, as the points where the planet leaves the tangent drawn to its orbit from the earth (Fig. 2). 


28 Lucian, Ver. Hist. i. 12. 


2° The first scientific determination of the period of the rotation of Venus was made by Dominique Cassini 
in 1666, from observations of spots on the planet, and concluded to be about 24 hours; but in 1726 
Bianchini deduced a period of 24 d. 8 h. from similar observations. The true period is considered to be 23 h. 
21 m., determined by Schroeter by a series of observations lasting from 1788 to 1793 on the periodicity of 


the deformation of the horns of Venus. — (Arago, Astronomie Populaire, 1854.) Kepler’s statements can 
only be regarded as anticipations of phenomena not yet actually observed. 


20 Proctor (Other Worlds than Ours, 1875) has given some reasons for believing that Jupiter and Saturn 
shine in part with their own light, owing to their great internal heat. 


LETTER TO THE GRAND DUCHESS CHRISTINA 





LS 





Translated by Thomas Salusbury 


The Grand Duchess Christina (see Figure 1) was granddaughter to the infamous 
Catherine de’ Medici, daughter of Charles III of Lorraine, and wife of Duke 
Ferdinando I de’ Medici of Tuscany — a powerful political and societal figure. 
With a perfect storm of (unjustified) criticism over Sidereus Nuncius arising 
from jealous scientists, scheming politicians and the Church, Galileo needed a 
powerful protector. Having heard that Christina was somewhat sympathetic to 
his astronomical arguments, he wrote a letter to her in 1615 (five years after the 
book appeared) — an expanded and more detailed version of an earlier letter to 
Benedetto Castelli. Manuscript copies of this letter circulated, and it finally 
appeared in print in 1636 (see Figure 2). The letter is far clearer about Galileo’s 
views than the book, as can be seen in the following two extracts: 


“Some years ago, as Your Serene Highness well knows, I discovered in the 
heavens many things that had not been seen before our own age. The novelty of 
these things, as well as some consequences which followed from them in 
contradiction to the physical notions commonly held among academic 
philosophers, stirred up against me no small number of professors - as if I had 
placed these things in the sky with my own hands in order to upset nature and 
overturn the sciences. They seemed to forget that the increase of known truths 
stimulates the investigation, establishment, and growth of the arts; not their 
diminution or destruction.” 


“Persisting in their original resolve to destroy me and everything mine by any 
means they can think of, these men are aware of my views in astronomy and 
philosophy. They know that as to the arrangement of the parts of the universe, I 
hold the sun to be situated motionless in the centre of the revolution of the 
celestial orbs while the earth revolves about the sun. They know also that I 
support this position not only by refuting the arguments of Ptolemy and 
Aristotle, but by producing many counter-arguments; in particular, some which 
relate to physical effects whose causes can perhaps be assigned in no other way. 
In addition there are astronomical arguments derived from many things in 
my new celestial discoveries that plainly confute the Ptolemaic system while 
admirably agreeing with and confirming the contrary hypothesis. Possibly 


because they are disturbed by the known truth of other propositions of mine 
which differ from those commonly held, and therefore mistrusting their defence 
so long as they confine themselves to the field of philosophy, these men have 
resolved to fabricate a shield for their fallacies out of the mantle of pretended 
religion and the authority of the Bible. These they apply with little judgement to 
the refutation of arguments that they do not understand and have not even 
listened to.” 





Figure 1: A painting of Christine of Lorraine, Duchess of Tuscany, wife of Duke Ferdinando I de’ Medici 
of Tuscany, mother of Duke Cosimo II de’ Medici of Tuscany (1600-1605), by Tiberio di Tito (1573-1627). 
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Figure 2: The title page of the first published version of the ‘Letter to the Grand Duchess Christina’. 


TO HER MOST SERENE HIGHNES THE GRAN DUCHESS MOTHER. 


SOme years since, as Your most Serene Highness well knoweth, I did discover 
many particulars in Heaven that had been unseen and unheard of untill this our 
Age; which, as well for their novelty, as for certain consequences which depend 
upon them, clashing with some Physical Propositions commonly received by the 
Schools, did stir up against me no small number of such as professed the vulgar 
Philosophy in the Universities; as if I had with my own hand newly placed these 
things in Heaven to obscure and disturb Nature and the Sciences: who forgetting 
that the multitude of Truths contribute, and concur to the investigation, 
augmentation, and establishment of the Arts, and not to their diminution, and 
destruction; and at the same time shewing themselves more affectionate to their 
own Opinions, than to Truth, went about to deny, and to disprove those 
Novelties; of which their very sense, had they but pleased to have intentsly 
beheld them, would have rendered them thorowly assured. And to this purpose 
they alledged sundry things, and published certain Papers fraughted with vain 
discourses; and which was a more gross errour, interwoven with the attestations 
of the Sacred Scriptures, taken from places by them not rightly understood, and 
which did not any thing concern the point for which they were produced Into 
which errour perhaps they would not have run, if they had but been advertised of 
a most profitable Document which S. Augustine giveth us, concerning our 
proceeding warily, in making positive determinations in points that are obscure 
and hard to be understood by the meer help of ratiocination; where treating (as 
we) of a certain natural conclusion concerning Celestial Bodies, he thus writes: 
But now having evermore a respect to the moderation of pious Gravity, we ought 
to believe nothing unadvisedly in a doubtful point; lest we conceive a prejudice 
against that, in favour to our Errour, which Truth hereafter may discover to be no 
wise contrary to the Sacred Books either of the Old or New Testament. 


Nunc autem servata semper moderatione praegravitatis, nihil credere de re 
observa temerè debemus, [...] forie, quod postea veritas p [...Jefecerit, quamvis 
Libris Sanctis, sive Testamen [...] Vetris, sive Novi, nullo modo esse possit 
adversum, tamen propter amorem nostri erroris, oderimus. 


Lib. 2. Genesi ad Literam in fine. 


It hath since come to pass, that Time hath by degrees discovered to every one 
the truths before by me indicated: and together with the truth of the fact, a 


discovery hath been made of the difference of humours between those who 
simply and without passion did refuse to admit such like Phaenomena for true, 
and those who to their incredulity had added some discomposed affection: For as 
those who were better grounded in the Science of Astronomy, and Natural 
Philosophy, became satisfied upon my first intimation of the news; so all those 
who stood not in the Negative, or in doubt for any other reason, but because it 
was an unlookt-for-Novelty, and because they had not an occasion of seeing a 
sensible experiment thereof, did by degrees come to satisfie themselves: But 
those, who besides the love they bore to to their first Errour, have I know not 
what imaginary interess to render them disaffected; not so much towards the 
things, as towards the Author of them, not being able any longer to deny them, 
conceal themselves under an obstinate silence; and being exasperated more than 
ever by that whereby those others were satisfied and convinced, they divert their 
thoughts to other projects, and seek to prejudice me some other wayes: of whom 
I profess that I would make no more account than I have done of those who 
heretofore have contradicted me (at whom I alwaies laugh, as being assured of 
the issue that the business is to have) but that I see that those new Calumnies and 
Persecutions do not determine in our greater or lesser Learning (in which I will 
scarce pretend to any thing) but extend so far as to attempt to asperse me with 
Crimes which ought to be, and are more abhorred by me than Death it self: Nor 
ought I to content my self that they are known to be unjust by those onely who 
know me and them, but by all men whatsoever. They persisting therefore in their 
first Resolution, Of ruining me and whatsoever is mine, by all imaginable waies; 
and knowing how that I in my Studies of Astronomy and Philosophy hold, as to 
the Worlds Systeme, That the Sun, without changing place, is situate in the 
Centre of the Conversion of the Celestial Orbes; and that the Earth, convertible 
about its own Axis, moveth it self about the Sun: And moreover understanding, 
that I proceed to maintain this Position, not onely by refuting the Reasons of 
Ptolomy and Aristotle, but by producing many on the contrary; and in particular, 
some Physical pertaining to Natural Effects, the causes of which perhaps can be 
by no other way assigned; and others Astronomical depending upon many 
circumstances and encounters of new Discoveries in Heaven, which manifestly 
confute the Ptolomaick Systeme, and admirably agree with and confirm this 
other Hypothesis: and possibly being ashamed to see the known truth of other 
Positions by me asserted, different from those that have been commonly 
received; and therefore distrusting their defence so long as they should continue 
in the Field of Philosophy: for th [...]se respects, I say, they have resolved to try 
whether they could make a Shield for the fallacies of their Arguments of the 
Mantle of a feigned Religion, and of the Authority of the Sacred Scriptures, 


applyed by them with little judgment to the confutation of such Reasons of mine 
as they had neither understood, nor so much as heard. 

And first, they have indeavoured, as much as in them lay, to divulge an 
opiniou thorow the Universe, that those Propositions are contrary to the Holy 
Letters, and consequently Damnable and Heretical: And thereupon perceiving, 
that for the most part, the inclination of Mans Nature is more prone to imbrace 
those enterprizes, whereby his Neighbour may, although unjustly, be oppressed, 
than those from whence he may receive just incouragement; it was no hard 
matter to find those Complices, who for such (that is, for Damnable and 
Heretical) did from their Pulpits with unwonted confidence preach it, with but an 
unmerciful and less considerate injury, not only to this Doctrine, and to its 
followers, but to all Mathematicks and Mathematicians together. Hereupon 
assuming greater confidence, and vainly hoping that that Seed which first took 
root in their unsound mindes, might spread its branches, and ascend towards 
Heaven, they went scattering rumours up and down among the People, That it 
would, ere long be condemned by Supreme Authority: and knowing that such a 
Censure would supplant not onely these two Conclusions of the VVorlds 
Systeme, but would make all other Astronomical and Physical Observations that 
have correspondence and necessary connection therewith to become damnable, 
to facilitate the business they seek all they can to make this opinion (at least 
among the vulgar) to seem new, and peculiar to my self, not owning to know 
that Nicholas Copernicus was its Authour, or rather Restorer and Confirmer: a 
person who was not only a Catholick, but a Priest, Canonick, and so esteemed, 
that there being a Dispute in the Lateran Council, under Leo X. touching the 
correction of the Ecclesiastick Calender, he was sent for to Rome from the 
remotest parts of Germany, for to assist in this Reformation, which for that time 
was left imperfect, onely because as then the true measure of the Year and Lunar 
Moneth was not exactly known: whereupon it was given him in charge by the 
Bishop of Sempronia, at that time Super-intendent in that Affair, to search with 
reiterated studies and pains for greater light and certainty, touching those 
Coelestial Motions. Upon which, with a labour truly Atlantick and with his 
admirable Wit, setting himself again to that Study, he made such a progress in 
these Sciences, and reduced the knowledge of the Coelestial Motions to such 
exactnesse, that he gained the title of an Excellent Astronomer. And, according 
unto his Doctrine, not only the Calendar hath been since regulated, but the 
Tables of all the Motions of the Planets have also been calculated: and having 
reduced the said Doctrine into six Books, he published them to the World at the 
instance of the Cardinal of Capua, and of the Bishop of Culma. And in regard 
that he had re-assumed this so laborious an enterprize by the order of The Pope; 


he dedicated his Book De Revolutionibus Coelestibus to His Successour, namely 
Paul III. which, being then also Printed, hath been received by The Holy Church, 
and read and studied by all the World, without any the least umbrage of scruple 
that hath ever been conceived at his Doctrine; The which, whilst it is now proved 
by manifest Experiments and necessary Demonstrations to have been well 
grounded, there want not persons that, though they never saw that same Book 
intercept the reward of those many Labours to its Authour, by causing him to be 
censured and pronounced an Heretick; and this, only to satisfie a particular 
displeasure conceived, without any cause, against another man, that hath no 
other interest in Copernicus, but only as he is an approver of his Doctrine. 

Now in regard of these false aspersions, which they so unjustly seek to throw 
upon me, I have thought it necessary for my justification before the World (of 
whose judgment in matters of Religion and Reputation I ought to make great 
esteem) to discourse concerning those Particulars, which these men produce to 
scandalize and subvert this Opinion, and in a word, to condemn it, not only as 
false, but also as Heretical; continually making an Hipocritical Zeal for Religion 
their shield; going about moreover to interest the Sacred Scriptures in the 
Dispute, and to make them in a certain sense Ministers of their deceiptful 
purposes: and farthermore desiring, if I mistake not, contrary to the intention of 
them, and of the Holy Fathers to extend (that I may not say abuse) their 
Authority, so as that even in Conclusions meerly Natural, and not de Fide, they 
would have us altogether leave Sense and Demonstrative Reasons, for some 
place of Scripture which sometimes under the apparent words may contain a 
different sense. Now I hope to shew with how much greater Piety and Religious 
Zeal I proceed, than they do, in that I propose not, that the Book of Copernicus is 
not to be condemned, but that it is not to be condemned, as they would have it; 
without understanding it, hearing it, or so much as seeing it; and especially he 
being an Author that never treateth of matters of Religion or Faith; nor by 
Reasons any way depending on the Authority of Sacred Scriptures whereupon he 
may have erroniously interpreted them; but alwaies insists upon Natural 
Conclusions belonging to the Celestial Motions, handled with Astronomical and 
Geometrical Demonstrations. Not that he had not a respect to the places of the 
Sacred Leaves, but because he knew very well that his said Doctrine being 
demonstrated, it could not contradict the Scriptures, rightly, and according to 
their true meaning understood. And therefore in the end of his Epistle 
Dedicatory, speaking to The Pope, he saith thus; 

Si fortasscerunt Mataeologi qui cum omnum Mathematicum ignari sint, 
tamen de [...]is judicium assumunt, propter aliquem locum Scripturae, malè ad 
suum propositum, detortum, ausi fuerint hoc meum institutum repre [...]endere 


ac insectari, illos nihil moror, adeo ut etiam illorum judicium, tanquam 
temerarium contemnam. Non enim obscurum est, Lactantium, celelebrem 
alioqui Scriptorem, sed Mathematicum parvum, admodum pueriliter de forma 
Terrae loqui, cum deridet eos, qui Terram, Glob [...] formam habere prodiderunt. 
Itaque non debet mirum videri studiosis, si qui tales, nos etiam ridebunt. 
Mathemata Mathematicis scribuntur; quibus & hi nostri labores, (si me non fallit 
opinio) videbuntur etiam Reipublicae Ecclesiasticae conducere aliquid, cujus 
Principatum Tua Sanctitas nunc ten [...]. 

If there should chance to be any Mataeologists, who though ignorant in all the 
Mathematicks, yet pretending a skill in those Learnings, should dare, upon the 
authority of some place of Scripture wrested to their purpose, to condemn and 
censure this my Hypothesis, I value them not, but shall slight their inconsiderate 
Judgement. For it is not unknown, that Lactantius (otherwise a Famous Author, 
though mean Mathematician) writeth very childishly touching the Form of the 
Earth, when he scoffs at those who affirm the Earth to be in Form of a Globe. So 
that it ought not to seem strange to the Ingenious, if any such should likewise 
now deride us. The Mathematicks are written for Mathematitians, to whom (if I 
deceive not my self) these Labours of mine shall seem to add something, as also 
to the Common-weale of the Church, whose Government is now in the hands of 
Your Holiness. 

And of this kinde do these appear to be who indeavour to perswade that 
Copernicus may be condemned before his Book is read; and to make the World 
believe that it is not onely lawfull but commendable so to do, produce certain 
Authorities of the Scripture, of Divines, and of Councils; which as they are by 
me had in reverence, and held of Supream Authority, insomuch that I should 
esteem it high temerity for any one to contradict them whilst they are used 
according to the In stitutes of Holy Church, so I believe that it is no errour to 
speak, so long as one hath reason to suspect that a person hath a desire, for some 
concern of his own, to produce and alledge them, to purposes different from 
those that are in the most Sacred intention of The Holy Church. Therefore I not 
onely protest (and my sincerity shall manifest it self) that I intend to submit my 
self freely to renounce those errors, into which, through ignorance= I may run in 
this Discourse of matters pertaining to Religion; but I farther declare, that I 
desire not in these matters to engage dispute with any one, although it should be 
in points that are disputable: for my end tendeth onely to this, That if in these 
considerations, besides my own profession, amongst the errours that may be in 
them, there be any thing apt to give others an hint of some Notion beneficial to 
the Holy Church, touching the determining about the Copernican Systeme, it 
may be taken and improved as shall seem best to my Superiours: If not, let my 


Book be torn and burnt; for that I do neither intend, nor pretend to gain to my 
self any fruit from my writings, that is not Pious and Catholick. And moreover, 
although that many of the things that I observe have been spoken in my own 
hearing, yet I shall freely admit and grant to those that spake them, that they 
never said them, if so they please, but confess that I might have been mistaken: 
And therefore what I say, let it be supposed to be spoken not by them, but by 
those which were of this opinion. 

The motive therefore that they produce to condemn the Opinion of the 
Mobility of the Earth, and Stability of the Sun, is, that reading in the Sacred 
Leaves, in many places, that the Sun moveth, that the Earth standeth still; and 
the Scripture not being capable of lying, or erring, it followeth upon necessary 
consequence, that the Position of those is Erronious and Heretical, who maintain 
that the Sun of it self is immoveable, and the Earth moveable. 

Touching this Reason I think it fit in the first place, to consider, That it is both 
piously spoken, and prudently affirmed, That the Sacred Scripture can never lye, 
when ever its true meaning is understood: Which I believe none will deny to be 
many times very abstruce, and very different from that which the bare sound of 
the words signifieth. Whence it cometh to pass, that if ever any one should 
constantly confine himself to the naked Grammatical Sence, he might, erring 
himself, make not only Contradictions and Propositions remote from Truth to 
appear in the Scriptures, but also gross Heresies and Blasphemies: For that we 
should be forced to assign to God feet, and hands, and eyes, yea more corporal 
and humane affections, as of Anger, of Repentance, of Hatred, nay, and 
sometimes the Forgetting of things past, and Ignorance of those to come: Which 
Propositions, like as (so the Holy Ghost affirmeth) they were in that manner 
pronounced by the Sacred Scriptures, that they might be accommodated to the 
Capacity of the Vulgar, who are very rude and unlearned; so likewise, for the 
sakes of those that deserve to be distinguished from the Vulgar, it is necessary 
that grave and skilful Expositors produce the true senses of them, and shew the 
particular Reasons why they are dictated under such and such words. And this is 
a Doctrine so true and common amongst Divines, that it would be superfluous to 
produce any attestation thereof. 

Hence me thinks I may with much more reason conclude, that the same holy 
Writ, when ever it hath had occasion to pronounce any natural Conclusion, and 
especially, any of those which are more abstruce, and difficult to be understood, 
hath not failed to observe this Rule, that so it might not cause confusion in the 
mindes of those very people, and render them the more contumacious against the 
Doctrines that were more sublimely mysterious: For (like as we have said, and as 
it plainly appeareth) out of the sole respect of condescending to Popular 


Capacity, the Scripture hath not scrupled to shadow over most principal and 
fundamental Truths, attributing, even to God himself, qualities extreamly remote 
from, and contrary unto his Essence. Who would positively affirm that the 
Scripture, laying aside that respect, in speaking but occasionally of the Earth, of 
the Water, of the Sun, or of any other Creature, hath chosen to confine it self, 
with all rigour, within the bare and narrow literal sense of the words? And 
especially, in mentioning of those Creatures, things not at all concerning the 
primary Institution of the same Sacred Volume, to wit, the Service of God, and 
the salvation of Souls, and in things infinitely beyond the apprehension of the 
Vulgar? 

This therefore being granted, methinks that in the Discussion of Natural 
Problemes, we ought not to begin at the authority of places of Scripture; but at 
Sensible Experiments and Necessary Demonstrations: For, from the Divine 
Word, the Sacred Scripture and Nature did both alike proceed; the first, as the 
Holy Ghosts Inspiration; the second, as the most observant Executrix of Gods 
Commands: And moreover it being convenient in the Scriptures (by way of 
condescension to the understanding of all men) to speak many things different, 
in appearance; and so far as concernes the naked signification of the words, from 
absolute truth: But on the contrary, Nature being inexorable and immutable, and 
never passing the bounds of the Laws assigned her, as one that nothing careth 
whether her abstruse reasons and methods of operating be, or be not exposed to 
the Capacity of Men; I conceive that that, concerning Natural Effects, which 
either Sensible Experience sets before our eyes, or Necessary Demonstrations do 
prove unto us, ought not, upon any account, to be called into question, much 
less condemned upon the testimony of Texts of Scripture, which may, under 
their words, couch Senses seemingly contrary thereto; In regard that every 
Expression of Scripture is not tied to so strict conditions, as every Effect of 
Nature: Nor doth God less admirably discover himself unto us in Nature’s 
Actions, than in the Scriptures Sacred Dictions. Which peradventure Tertullian 
intended to express in those words:Not definimus, Deum, primo N [...] tura 
cognoscendum; Deinde, Doctrina recognescendum: Natura ex operibus; 
Doctrina ex p [...]aedicationibus. We conclude, God is known; first, by Nature, 
and then again more particularly known by Doctrine: by Nature, in his Works; 
by Doctrine, in his Word preached. 

But I will not hence affirm, but that we ought to have an extraordinary esteem 
for the Places of Sacred Scripture, nay, being come to a certainty in any Natural 
Conclusions, Tertul. adver. Marcion. lib. 1. ca. we ought to make use of them, as 
most apposite helps to the true Exposition of the same Scriptures, and to the 


investigation of those Senses which are necessarily conteined in them, as most 
true, and concordant with the Truths demonstrated. 

This maketh me to suppose, that the Authority of the Sacred Volumes was 
intended principally to perswade men to the belief of those Articles and 
Propositions, which, by reason they surpass all humane discourse, could not by 
any other Science, or by any other means be made credible, than by the Mouth 
of the Holy Spirit it self. Besides that, even in those Propositions, which are not 
de Fide, the Authority of the same Sacred Leaves ought to be preferred to the 
Authority of all Humane Sciences that are not written in a Demonstrative 
Method, but either with bare Narrations, or else with probable Reasons; and this 
I hold to be so far convenient and necessary, by how far the said Divine 
Wisdome surpasseth all humane Judgment and Conjecture. But that that self 
same God who hath indued us with Senses, Discourse, and Understanding hath 
intended, laying aside the use of these, to give the knowledg of those things by 
other means, which we may attain by these, so as that even in those Natural 
Conclusions, which either by Sensible Experiments or Necessary 
Demonstrations are set before our eyes, or our Understanding, we ought to deny 
Sense and Reason, I do not conceive that I am bound to believe it; and especially 
in those Sciences, of which but a small part, and that divided into Conclusions is 
to be found in the Scripture: Such as, for instance, is that of Astronomy, of 
which there is so small a part in Holy Writ, that it doth not so much as name any 
of the Planets, except the Sun and the Moon, and once or twice onely Venus 
under the name of Lucifer. For if the Holy Writers had had any intention to 
perswade People to believe the Dispositions and Motions of the Coelestial 
Bodies; and that consequently we are still to derive that knowledge from the 
Sacred Books they would not, in my opinion, have spoken so little thereof, that it 
is as much as nothing, in comparison of the infinite admirable Conclusions, 
which in that Science are comprized and demonstrated. Nay, that the Authours 
of the Holy Volumes did not only not pretend to teach us the Constitutions and 
Motions of the Heavens and Stars, their Figures, Magnitudes, and Distances, but 
that intentionally (albeit that all these things were very well known unto them) 
they forbore to speak of them, is the opinion of the Most Holy & Most Learned 
Fathers: and in S. Augustine we read the following words. Quaeri etiam solet, 
quae forma & figura Caeli credenda sit secundum Scripturas nostras: Multi enim 
multum disputant de iis ribus, quas majori prudentia nostri Autores omiserunt, 
ad beatam vitam non profuturas discentibus, & occupaentes (quod prius est) 
multum prolixa [...], & rebus salubribus impendenda temporum spatiae. Quid 
enim ad [...]e pertinet, utrum Caelum, sicut Sphaera, undique concludat Terram, 
in media Mundi [...]ole libratam; an eam ex una parte desuper, velut discus, 


operiat? Sed quia [...] de Fide agitur Scripturarum, propter illam causam, quam 
non semel commemoravimus, Ne scilicet quisquam eloquia divina non 
intelligens, cum de his rebus tale aliquid vel invenerit in Libris Nostris, vel ex 
illis audiverit, quod perceptis assertionibus adversari videatur, nullo modo eis, 
cetera utilia monentibus, vel narrantibus, vel prae [...]ntiantibus, credat: Breviter 
discendum est, de figura Caeli, hoc scisse Autores nostros, quod veritas habet: 
Sed Spiritum Dei, qui per ipsos loquebatur, noluisse ista docere homines, nulli 
ad salutem profutura. D. August. Lib. 2. De Gen. ad literam, Ca. Idem etiam 
legitur apud Petrum Lombardum Magistrum Sententiarum. It is likewise 
commonly asked, of what Form and Figure we may believe Heaven to be, 
according to the Scriptures: For many contend much about those matters, which 
the greater prudence of our Authors hath forborn to speak of, as nothing 
furthering their Learners in relation to a blessed life; and, (which is the chiefest 
thing) taking up much of that time which should be spent in holy exercises. For 
what is it to me whether Heaven, as a Sphere, doth on all sides environ the Earth, 
a Mass ballanced in the middle of the World; or whether like a Dish it doth onely 
cover or overcast the same? But because belief of Scripture is urged for that 
cause, which we have oft mentioned, that is, That none through ignorance of 
Divine Phrases, when they shall find any thing of this nature in, or hear any 
thing cited out of our Bibles which may seem to oppose manifest Conclusions, 
should be induced to suspect their truth, when they admonish, relate, & deliver 
more profitable matters Briefly be it spoken, touching the Figure of Heaven, that 
our Authors knew the truth: But the H. Spirit would not, that men should learn 
what is profitable to none for salvation. 

And the same intentional silence of these sacred Penmen in determining what 
is to be believed of these accidents of the Celestial Bodies, is again hinted to us 
by the same Father in the ensuing 10. Chapter upon the Question, Whether we 
are to believe that Heaven moveth, or standeth still, in these words: De Moit [...] 
etiam Caeli, nonnulli fra [...]tres quaestionem movent, utrum stet, an moveatur; 
quia [...] si [...] vetur, inquiunt, quomodo Firmamentum est? Si autem stat, 
quomodo Sydera quae in ipso fixa creduntur, ab Oriente in Occidentem circu — 
eunt,, Septentrionalibus breviores gyros juxta cardinem peragentibus; ut Caelum, 
si est alius nobis occulius cardo, ex alio vertice, sicut Sphaera; si autem nullus 
alius cardo est, vel uti discus rotari videatur? Quibus respondeo, Multum 
subtilibus & laboriosis rationibus ista perquiri, ut vere percipiaetur, utrum ita, an 
non ita sit, quibus ineundis atque tractandis nec mihi jam tempus est, nec illis 
esse debet, quos ad salutem suam, è Sanctae Ecclesiae necessaria utilitate 
cupimus informari: There are some of the Brethren that start a question 
concerning the motion of Heaven, Whether it be fixed, or moved: For if it be 


moved (say they) how is it a Firmament? If it stand still, how do these Stars 
which are held to be fixed go round from East to West, the more Northern 
performing shorter Circuits near the Pole; so that Heaven, if there be another 
Pole, to us unknown, may seem to revolve upon some other Axis; but if there be 
not another Pole, it may be thought to move as a Discus? To whom I reply, that 
these points require many subtil and profound Reasons, for the making out 
whether they be really so, or no; the undertakeing and discussing of which is 
neither consistent with my leasure, nor their duty, vvhom I desire to instruct in 
the necessary matters more directly conducing to their salvation, and to the 
benefit of The Holy Church. 

From which (that we may come nearer to our particular case) it necessarily 
followeth, that the Holy Ghost not having intended to teach us, whether Heaven 
moveth or standeth still; nor whether its Figure be in Form of a Sphere, or of a 
Discus, or distended in Planum: Nor whether the Earth be contained in the 
Centre of it, or on one side; he hath much less had an intention to assure us of 
other Conclusions of the same kinde, and in such a manner, connected to these 
already named, that without the dedermination of them, one can neither affirm 
one or the other part; which are, The determining of the Motion and Rest of the 
said Earth, and of the Sun. And if the same Holy Spirit hath purposely 
pretermitted to teach us those Propositions, as nothing concerning his intention, 
that is, our salvation; how can it be affirmed, that the holding of one part rather 
than the other, should be so necessary, as that it is de Fide, and the other 
erronious? Can an Opinion be Heretical, and yet nothing concerning the 
salvation of souls? Or can it be said that the Holy Ghost purposed not to teach us 
a thing that concerned our salvation? I might here insert the Opinion of an 
EcclesiasticalCard. Baronius. Person,Spiritui sancto mentem fuisse, nos docere, 
quomodo ad Caelum eatur: non autem, quomodo Caelum gradiatur. raised to the 
degree of Eminentissimo, to wit, That the intention of the Holy Ghost, is to teach 
us how we shall go to Heaven, and not how Heaven goeth. 

But let us return to consider how much necessary Demonstrations, Cardinal. 
Bar. and sensible Experiments ought to be esteemed in Natural Conclusions; and 
of what Authority Holy and Learned Divines have accounted them, from whom 
amongst an hundred other attestations, we have these that follow: Illud etiam 
diligenter cavendum, & omnino fugiendum est, ne in tractanda Mosis Doctrina, 
quicquam affirmate & asseveranter sentiamus & dicamus, quod repugnet 
manifestis experimentis & rationibus Philosophiae, vel aliarum Disciplinarum. 
Namque cum Verum omne semper cum Vero congruat, non potest Veritas 
Sacrarum Litterarum, Veris Rationibus & Experimentis Humanarum 
Doctrinarum esse contraria. Peter. in Gen. circa Principium. We must also 


carefully heed and altogether avoid in handling the Doctrine of Moses, to avouch 
or speak any thing affirmatively and confidently which contradicteth the 
manifest Experiments and Reasons of Philosophy, or other Sciences. For since 
all Truth is agreeable to Truth, the Truth of Holy Writ cannot be contrary to the 
solid Reasons and Experiments of Humane Learning. 

And in St. Augustine we read: Si manifestae certaeque Rationi, velut 
sanctarum Litterarum objicitur autoriritas, non intelligit, qui hoc facit; & non 
Scriptura sensum (ad quem penetrare non potuit) sed suum potius objicit veritati: 
nec [...]d quod in ea, sed quod in seipso velut pro ea invenit, opponit. If any one 
shall object the Authority of Sacred Writ, against clear and manifest Reason, he 
that doth so, knows not what he undertakes: For he objects against the Truth, not 
the sense of the Scripture (which is beyond his comprehension) but rather his 
own; not what is in it, but what, finding it in himself, he fancyed to be in it. 

This granted, and it being true, (as hath been said) that two Truths cannot be 
contrary to each other, it is the office of a Judicious Expositor to study to finde 
the true Senses of Sacred Texts, which undoubtedly shall accord with those 
Natural Conclusions, of which manifest Sense and Necessary Demonstrations 
had before made us sure and certain.Epist. 7. ad Marcellinum. Yea, in regard that 
the Scriptures (as hath been said) for the Reasons alledged, admit in many places 
Expositions far from the Sense of the words; and moreover, we not being able to 
affirm, that all Interpreters speak by Divine Inspiration; For (if it were so) then 
there would be no difference between them about the Senses of the same places; 
I should think that it would be an act of great prudence to make it unlawful for 
any one to usurp Texts of Scripture, and as it were to force them to maintain this 
or that Naturall Conclusion for truth, of which Sence, & Demonstrative, and 
necessary Reasons may one time or other assure us the contrary. For who will 
prescribe bounds to the Wits of men? Who will assert that all that is sensible and 
knowable in the World is already discovered and known? Will not they that in 
other points disagree with us, confess this (and it is a great truth) that Eaquae 
scimus, sint minima pars corum quae ignoramus? That those Truths which we 
know, are very few, in comparison of those which we know not? Nay 
more,Ecclesiast. ca. if we have it from the Mouth of the Holy Ghost, that Deus 
tradidit Mundum disputationi eorum, ut non inveniat homo opus, quod operatus 
est Deus ab initio ad finem: One ought not, as I conceive, to stop the way to free 
Philosophating, touching the things of the World, and of Nature, as if that they 
were already certainly found, and all manifest: nor ought it to be counted 
rashness, if one do not sit down satisfied with the opinions now become as it 
were commune; nor ought any persons to be displeased, if others do not hold, in 
natural Disputes to that opinion which best pleaseth them; and especially 


touching Problems that have, for thousands of years, been controverted amongst 
the greatest Philosophers, as is the Stability of the Sun, and Mobility of the 
Earth, an opinion held by Pythagoras, and by his whole Sect; by Heraclides 
Ponticus, who was of the same opininion; by Phylolaus, the Master of Plato; and 
by Plato himself, as Aristotle relateth, and of which Plutarch writeth in the life of 
Numa, that the said Plato, when he was grown old, said, It is a most absurd thing 
to think otherwise: The same was believed by Aristarchus Samius, as we have it 
in Archimedes; and probably by Archimedes himself; by Nicetas the 
Philosopher, upon the testimony of Scicero, and by many others. And this 
opinion hath, finally, been amplified, and with many Observations and 
Demonstrations confirmed by Nicholaus Copernicus. And Seneca, a most 
eminent Philosopher, in his Book De Cometis, advertizeth us that we ought, with 
great diligence, seek for an assured knowledge, whether it be Heaven, or the 
Earth, in which the Diurnal Conversion resides. 

And for this cause, it would probably be prudent and profitable counsel, if 
besides the Articles which concern our Salvation, and the establishment of our 
Faith (against the stability of which there is no fear that any valid and solid 
Doctrine can ever rise up) men would not aggregate and heap up more, without 
necessity: And if it be so, it would certainly be a preposterous thing to introduce 
such Articles at the request of persons who, besides that we know not that they 
speak by inspiration of Divine Grace, we plainly see that there might be wished 
in them the understanding which would be necessary first to enable them to 
comprehend, and then to discuss the Demonstrations wherewith the subtiler 
Sciences proceed in confirming such like Conclusions. Nay, more I should say, 
(were it lawful to speak my judgment freely on this Argument) that it would 
haply more suit with the Decorum and Majesty of those Sacred Volumes, if care 
were taken that every shallow and vulgar Writer might not authorize his Books 
(which are not seldome grounded upon foolish fancies) by inserting into them 
Places of Holy Scripture, interpreted, or rather distorted to Senses as remote 
from the right meaning of the said Scripture, as they are neer to derirision, who 
not without ostentation flourish out their Writings therewith. Examples of such 
like abuses there might many be produced, but for this time I will confine my 
self to two, not much besides these matters of Astronomy: One of which, is that 
of those Pamphlets which were published against the Medicean Planets, of 
which I had the fortune to make the discovery; against the existence of which 
there were brought many places of Sacred Scripture: Now, that all the World 
seeth them to be Planets, I would gladly hear with what new interpretations those 
very Antagonists do expound the Scripture, and excuse their own simplicity. The 
other example is of him who but very lately hath Printed against Astronomers 


and Philosophers, that the Moon doth not receive its light from the Sun, but is of 
its own nature resplendent: which imagination he in the close confirmeth, or, to 
say better, perswadeth himself that he confirmeth by sundry Texts of Scripture, 
which he thinks cannot be reconciled unlesse his opinion should be true and 
necessary. Neverthelesse, the Moon of it self is Tenebrose, and yet it is no lesse 
lucid than the Splendor of the Sun. 

Hence it is manifest, that these kinde of Authors, in regard they did not dive 
into the true Sence of the Scriptures, would (in case their authority were of any 
great moment) have imposed a necessity upon others to believe such 
Conclusions for true as were repugnant to manifest Reason, and to Sense. Which 
abuse Deus avertat, that it do not gain Countenance and Authority; for if it 
should, it would in a short time be necessary to proscribe and inhibit all the 
Contemplative Sciences. For being that by nature the number of such as are very 
unapt to understand perfectly both the Sacred Scriptures, and the other Sciences 
is much greater than that of the skilfull and intelligent; those of the first sort 
superficially running over the Scriptures, would arrogate to themselves an 
Authority of decreeing upon all the Questions in Nature, by vertue of some 
Word by them misunderstood, and produced by the Sacred Pen-men to another 
purpose: Nor would the small number of the Intelligent be able to repress the 
furious Torrent of those men, who would finde so many the more followers, in 
that the gaining the reputation of Wise men without pains or Study, is far more 
grateful to humane Nature, than the consuming our selves with restless 
contemplations about the most painfull Arts. Therefore we ought to return 
infinite thanks to Almighty God, who of his Goodness freeth us from this fear, in 
that he depriveth such kinde of persons of all Authority and, reposeth the 
Consulting, Resolving, and Decreeing upon so important Determinations in the 
extraordinary Wisdom and Candor of most Sacred Fathers; and in the Supream 
Authority of those, who being guided by his Holy Spirit, cannot but determin 
Holily: So ordering things, that of the levity of those other men, there is no 
account made. This kinde of men are those, as I believe, against whom, not 
without Reason, Grave, and Holy Writers do so much inveigh; and of whom in 
particular S. Hierom writeth:Hanc (Scilicet Sacram cripturam) garrula anus, banc 
delirus sen [...]x, hanc Sophista verbosus, hanc universi praesumunt, lacerant, 
docent, antequant dis [...Jant. Alij, adducto supercilio, grandia verba trutinantes, 
[...]Jnter mulierculas, de Sacris Lit [...]eris Philosophantur. Alij discunt, proh 
pudor! à faeminis, quod viros docens, & ne parum hoc sit, quadam facilitate 
verborum, [...] audaciâ, edisserunt aliis, quod ipsi non intelligunt. Taceo de mei 
similibus, qui si forte ad Scripturas Sanctas, post siculares litteras venerint, & 
sermone composito, aurem populi mulserint; quicquid dixerint, hoc legem Des 


putant: nec scire dignantur, quid Prophetae, quid Apostoli senserint, sed ad 
sensum suum, incongrua apta [...] [...] stimonia: Quasi grande sit, & non vit 
[...]Jocissimum docendi genus, depravare sententias, & ad voluntatem suam 
Scripturamtrahere repugnantem. Jeron. Epist. ad Paul. 103. This (Scilicet the 
Sacred Scripture) the talking old woman, the doting old man, the talkative 
Sophister, all venture upon, lacerate, teach, and that before they have learnt it. 
Others induced by Pride, diving into hard words, Philosophate amongst Women, 
touching the Holy Scriptures. Others (Oh shameful!) Learn of Women what they 
teach to Men; and, as if this were nothing, in a certain facility of words, I may 
say of confidence, expound to others what they understand not themselves. I 
forbear to speak of those of my own Profession, who, if after Humane Learning 
they chance to attain to the Holy Scriptures, and tickle the ears of the people 
with affected and Studied expressions, they affirm that all they say, is to be 
entertained as the Law of God; and not stooping to learn what the Prophets and 
Apostles held, they force incongruous testimonies to their own Sense: As if it 
were the genuine, and not corrupt way of teaching to deprave Sentences, and 
Wrest the Scripture according to their own singular and contradictory humour. 

I will not rank among these same secular Writers any Theologists, whom I 
repute to be men of profound Learning, and sober Manners, and therefore hold 
them in great esteem and veneration: Yet I cannot deny but that I have a certain 
scruple in my mind, and consequently am desirous to have it removed, whilst I 
hear that they pretend to a power of constraining others by Authority of the 
Scriptures to follow that opinion in Natural Disputations, which they think most 
agreeth with the Texts of that: Holding withall, that they are not bound to answer 
the Reasons and Experiments on the contrary: In Explication and Confirmation 
of which their judgement they say, That Theologie being the Queen of all the 
Sciences, she ought not upon any account to stoop to accomodate her self to the 
Positions of the rest, less worthy, and inferior to her: But that they ought to refer 
themselves to her (as to their Supream Emperess) and change and alter their 
Conclusions, according to Theological Statutes and Decrees. And they further 
add, That if in the inferior Science there should be any Conclusion certain by 
vertue of Demonstrations or experiments, to which there is found in Scripture 
another Conclusion repugnant; the very Professors of that Science ought of 
themselves to resolve their Demonstrations, and discover the falacies of their 
own Experiments, without repairing to Theologers and Textuaries, it not suiting 
(as hath been said) with the dignity of Theologie to stoop to the investigation of 
the falacies of the inferior Sciences: But it sufficeth her, to determine the truth of 
the Conclusion with her absolute Authority, and by her infallibility. And then the 
Natural Conclusions in which they say that we ought to bide by the meer 


Authority of the Scripture, without glossing, or expounding it to Senses different 
from the Words, they affirm to be Those of which the Scripture speaketh alwaies 
in the same manner; and the Holy Fathers all receive, and expound to the same 
Sense. 

Now as to these Determinations, I have had occasion to consider some 
particulars (which I will purpose) for that I was made cautious thereof, by those 
who understand more than I in these businesses, and to whose judgements I 
alwaies submit my self. And first I could say, that there might possibly a certain 
kinde of equivocation interpose, in that they do not distinguish the 
preheminences whereby Sacred Theologie meriteth the Title of Queen. For it 
might be called so, either because that that which is taught by all the other 
Sciences, is found to be comprized and demonstrated in it, but with more 
excellent means, and with more sublime Learning; in like manner, as for 
example; The Rules of measuring of Land, & of Accountantship are much more 
excellently contained in the Arithmatick and Geometry of Euclid, than in the 
Practises of Surveyours and Accomptants: Or because the Subject about which 
Theologie is conversant, excelleth in Dignity all the other Subjects, that are the 
Matters of other Sciences: As also because its Documents are divulged by nobler 
waies. That the Title and Authority of Queen belongeth to Theologie in the first 
Sense, I think that no Theologers will affirm, that have but any in-sight into the 
other Sciences; of which there are none (as I believe) that will say that 
Geometry, Astronomy Musick, and Medicine are much more excellently and 
exactly contained in the Sacred Volumes, than in the Books of Archimedes, in 
Ptolomy, in Boetius, and in Galen. Therefore it is probable that the Regal 
Preheminence is given her upon the second account, namely, By reason of the 
Subject, and the admirable communicating of the Divine Revelations in those 
Conclusions which by other means could not be conceived by men, and which 
chiefly concern the acquist of eternal Beatitude. Now if Theologie being 
conversant about the loftiest Divine Contemplation, and residing for Dignity in 
the Regal Throne of the Sciences, (whereby she becometh of highest Authority) 
descendeth not to the more mean and humble Speculations of the inferior 
Sciences: Nay; (as hath been declared above) hath no regard to them, as not 
concerning Beatitude; the Professors thereof ought not to arrogate to themselves 
the Authority to determin of Controversies in those Professions which have been 
neither practised nor studied by them. For this would be as if an Absolute Prince, 
knowing that he might freely command, and cause himself to be obeyed, should 
(being neither Phisitian nor Architect) undertake to administer Medicines, and 
erect Buildings after his own fashion, to the great endangering af the lives of the 
poor Patients, and to the manifest destruction of the Edifices. 


Again, to command the very Professors of Astronomy, that they of 
themselves see to the confuting of their own Observations and Demonstrations, 
as those that can be no other but Falacies and Sophismes, is to enjoyn a thing 
beyond all possibility of doing: For it is not onely to command them that they do 
not see that which they see, and that they do not understand that which they 
understand; but that in seeking, they finde the contrary of that which they happen 
to meet with. Therefore before that this is to be done, it would be necessary that 
they were shewed the way how to make the Powers of the Soul to command one 
another, and the inferior the Superior; so that the imagination and will might, 
and should believe contrary to what the Intellect understands: I still mean in 
Propositions purely Natural, and which are not de Fide, and not in the 
Supernatural, which are de Fide. 

I would entreat these Wise and Prudent Fathers, that they would withal 
diligence consider the difference that is between Opinable and Demonstrative 
Doctrines: To the end, that well weighing in their minds with what force 
Necessary Illations oblige, they might the better ascertain themselves, that it is 
not in the Power of the Professors of Demonstrative Sciences to change their 
Opinions at pleasure, and apply themselves one while to one side, and another 
while to another; and that there is a great difference between commanding a 
Methametitian or a Philosopher, and the disposing of a Lawyer or a Merchant; 
and that the demonstrated Conclusions touching the things of Nature and of the 
Heavens cannot be changed with the same facility, as the Opinions are touching 
what is lawful or not in a Contract, Bargain, or Bill of Exchange. This difference 
was well understood by the Learned and Holy Fathers, as their having been at 
great pains to confute many Arguments, or to say better, many Philosophical 
Fallacies, doth prove unto us; and as may expresly be read in some of them, and 
particularly we have in S. Augustine the following words:Hoc indubitanter 
tenendum est, ut quicquid Sapientes hujus Mundi, de Natura rerum veraciter 
demonstrare potuerint, ostendamus, nostris libris non esse contrarium: quicquid 
autem illi, in suis voluminibus, contrarium Sacris Litteris docent, sine ulla 
dubitatione credamus, id falsissimum esse, & quoquo modo possumus, etiam 
ostendamus; atque ita teneamus Fidem Domini nostri, in quasunt absconditi 
omnes thesauri Sapientiae, ut neque falsae Philosophiae loquacitate seducamur, 
neque simulata Religionis superstitione terreamur. This is to be held for an 
undoubted Truth, That we may be confident, that whatever the Sages of this 
World have demonstrated touching Natural Points, is no waies contrary to our 
Bibles: And in case they teach any thing in their Books that is contrary to the 
Holy Scriptures, we may without any scruple conclude it to be most false; And 
according to our ability let us make the same appear: And let us so keep the 


Faith of our Lord, in whom are hidden all the Treasures of Wisdom; that we be 
neither seduced with the Loquacity of false Philosophy, nor scared by the 
superstition of a counterfeit Religion. 

From which words, I conceive that I may collect this Doctrine, namely, That 
in the Books of the Wise of this World, there are contained some Natural truths 
that are solidly demonstrated, and others again that are barely taught; and that as 
to the first sort, it is the Office of wise Divines to shew that they are not contrary 
to the Sacred Scriptures; As to the rest, taught, but not necessarily demonstrated, 
if they shall contain any thing contrary to the Sacred Leaves, it ought to be held 
undoubtedly false, and such it ought by all possible waies to be demonstrated. 

If therefore Natural Conclusions veritably demonstrated,Gen. as Litteram. lib 
I. Cap.25. are not to be postposed to the Places of Scripture, but that it ought to 
be shewn how those Places do not interfer with the said Conclusions; then its 
necessary before a Physical Proposition be condemned, to shew that it is not 
necessarily demonstrated; and this is to be done not by them who hold it to be 
true, but by those who judge it to be false. And this seemeth very reasonable, and 
agreeable to Nature; that is to say, that they may much more easily find the 
fallacies in a Discourse, who believe it to be false, than those who account it true 
and concludent. Nay, in this particular it will come to passe, that the followers of 
this opinion, the more that they shall turn over Books, examine the Arguments, 
repeat the Observations, and compare the Experiments, the more shall they be 
confirmed in this belief. And your Highness knoweth what happened to the late 
Mathematick Professor in the University of Pisa, Who betook himself in his old 
age to look into the Doctrine of Copernicus, with hope that he might be able 
solidly to confute it (for that he held it so far to be false, as that he had never 
studied it) but it was his fortune, that as soon as he had understood the grounds, 
proceedings, and demonstrations of Copernicus, he found himself to be 
perswaded, and of an opposer became his most confident Defender. I might also 
nominate otherP. Clavius the Jesuite. Mathematicians, who being moved by my 
last Discoveries, have confessed it necessary to change the formerly received 
Constitution of the World, it not being able by any means to subsist any longer. 

If for the banishing this Opinion and Hypothesis out of the World, it were 
enough to stop the mouth of one alone, as it may be they perswade themselves 
who measuring others judgements by their own, think it impossible that this 
Doctrine should be able to subsist and finde any followers, this would be very 
easie to be done, but the business standeth otherwise: For to execute such a 
determination, it would be necessary to prohibite not onely the Book of 
Copernicus, and the Writings of the other Authors that follow the same opinion, 
but to interdict the whole Science of Astronomy; and which is more, to forbid 


men looking towards Heaven, that so they might not see Mars and Venus at one 
time neer to the Earth, and at another farther off, with such a difference that the 
latter is found to be fourty times, and the former sixty times bigger in surface at 
one time than at another; and to the end, that the same Venus might not be 
discovered to be one while round, and another while forked, with most subtil 
hornes: and many other sensible Observations which can never by any means be 
reconciled to the Ptolomaick Systeme, but are unanswerable Arguments for the 
Copernican. 

But the prohibiting of Copernicus his Book, now that by many new 
Observations, and by the application of many of the Learned to the reading of 
him, his Hypothesis and Doctrine doth every day appear to be more true, having 
admitted and tolerated it for so many years, whilst he was lesse followed, 
studied, and confirmed, would seem, in my judgment, an affront to Truth, and a 
seeking the more to obscure and suppresse her, the more she sheweth her self 
clear and perspicuous. 

The abolishing and censuring, not of the whole Book, but onely so much of it 
as concerns this particular opinion of the Earths Mobility, would, if I mistake 
not, be a greater detriment to souls, it being an occasion of great scandal, to see a 
Position proved, and to see it afterwards made an Heresie to believe it. 

The prohibiting of the whole Science, what other would it be but an open 
contempt of an hundred Texts of the Holy Scriptures, which teach us, That the 
Glory, and the Greatnesse of Almighty God is admirably discerned in all his 
Works, and divinely read in the Open Book of Heaven? Nor let any one think 
that the Lecture of the lofty conceits that are written in those Leaves finish in 
only beholding the Splendour of the Sun, and of the Stars, and their rising and 
setting, (which is the term to which the eyes of bruits and of the vulgar reach) 
but there are couched in them mysteries so profound, and conceipts so sublime, 
that the vigils, labours, and studies of an hundred and an hundred acute Wits, 
have not yet been able thorowly to dive into them after the continual disquisition 
of some thousands of years. But let the Unlearned believe, that like as that which 
their eyes discern in beholding the aspect of a humane body, is very little in 
comparison of the stupendious Artifices, which an exquisite and curious 
Anatomist or Philosopher finds in the same when he is searching for the use of 
so many Muscles, Tendons, Nerves, and Bones; and examining the Offices of 
the Heart, and of the other principal Members, seeking the seat of the vital 
Faculties, noting and observing the admirable structures of the Instruments of the 
Senses, and, without ever making an end of satisfying his curiosity and wonder, 
contemplating the Receptacles of the Imagination, of the Memory, and of the 
Understanding; So that which represents it self to the meer sight, is as nothing in 


comparison and proportion to the strange Wonders, that by help of long and 
accurate Observations the Wit of Learned Men discovereth in Heaven. And this 
is the substance of what I had to consider touching this particular. 

In the next place, as to those that adde, That those Natural Propositions of 
which the Scripture still speaks in one constant tenour, and which the Fathers all 
unanimously receive in the same sense, ought to be accepted according to the 
naked and literal sense of the Words, without glosses and interpretations; and 
received and held for most certain and true; and that consequently the Mobility 
of the Sun, and Stability of the Earth, as being such, are de Fide to be held for 
true, and the contrary opinion to be deemed Heretical. I shall propose to 
consideration, in the first place, That of Natural Propositions, some there are, of 
which all humane Science and Discourse can furnish us only with some 
plausible opinion, and probable conjecture rather than with any certain and 
demonstrative knowledge; as for example, whether the Stars be animated: Others 
there are, of which we have, or may confidently believe that we may have, by 
Experiments, long Observations, and Necessary Demonstrations an undubitable 
assurance; as for instance, whether the Earth and Heavens move, or not; whether 
the Heavens are Spherical, or otherwise. As to the first sort, I doubt not in the 
least, that if humane Ratiocinations cannot reach them, and that consequently 
there is no Science to be had of them, but only an Opinion or Belief, we ought 
fully and absolutely to comply with the meer Verbal Sense of the Scripture: But 
as to the other Positions, I should think (as hath been said above) That we are 
first to ascertain our selves of the fact it self, which will assist us in finding out 
the true senses of the Scriptures; which shall most certainly be found to accord 
with the fact demonstrated, for two truths can never contradict each other. And 
this I take to be a Doctrine orthodox and undoubted, for that I finde it written in 
Saint Augustine, who speaking to our point of the Figure of Heaven, and what it 
is to be believed to be, in regard that which Astronomers affirm concerning it 
seemeth to be, contrary to the Scripture, (they holding it to be rotund, and the 
Scripture calling it as it were aPelle, a Skin in the Original, but in our Bibles a 
Curtain. Curtain, determineth that we are not at all to regard that the Scripture 
contradicts Astronomers; but to believe its Authority, if that which they say shall 
be false, and founded only on the conjectures of humane infirmity: but if that 
which which they affirm be proved by indubitable Reasons, this Holy Father 
doth not say, that the Astronomers are to be enjoyned, that they themselves 
resolving and renouncing their Demonstrations do declare their Conclusion to be 
false, but saith, that it ought to be demonstrated, That what is said in Scripture of 
a Curtain is not contrary to their true Demonstrations. These are his words: Sed 
ait aliquis, quomodo non est contrarium iis, qui figuram Sphaerae Coelo tribunt, 


quod scriptum est in Libris Nostris, Qui extendit Coelum, sicut pellem? Sit sané 
contraritem, si falsum est, quod illi dicunt: hoc enim verum est, qu [...]d Divina 
dicit authoritas, potius quam illud, qu [...]d humana infirmitas conjicit. Sea si 
forte illud talibus illi documentis probare potuerint, ut dubitari inde non debeat; 
demonstrandum est, hoc quod apud nos est de Pelle dictum, veris illis rationibus 
non esse contrarium. But some object; How doth it appear, that the saying in our 
Bibles, Who stretcheth out the Heaven as a Curtain, maketh not against those 
who maintain the Heavens to be in figure of a Sphere? Let it be so, if that be 
false which they affirme: For that is truth which is spoke by Divine Authority, 
rather than that which proceeds from Humane Infirmity. But if peradventure 
they should be able to prove their Position by such Experiments as puts it out of 
question, it is to be proved, that vvhat is said in Scripture concerning a Curtain, 
doth in no vvise contradict their manifest Reasons. 

He proceedeth afterwards to admonish us that we ought to be no less careful 
and observant in reconciling a Text of Scripture with a demonstrated Natural 
Proposition, than w [...]th another Text of Scripture which should sound to a 
contrary Sense. Nay methinks that the circumspection of this Saint is worthy to 
be admired and imitated, who even in obscure Conclusions, and of which we 
may assure our selves that we can have no knowledge or Science by humane 
demonstration, is very reserved in determining what is to be believed, as we see 
by that which he writeth in the end of his second Book, de Genesi ad Litteram, 
speaking, whether the Stars are to be believed animate:Quod licet in praesenti 
facile non possit comprehendi; arbitror tamen, in processu tractandarum 
Scripturarum, opportuniora loca posse occurrere, ubi nobis de hac re, secundum 
Sancta auctoritatis Litteras, etsi non ost endere certum aliquid, tamen credere 
licebit. Nunc autem, servatâ semper modoratione piae gravitatis, nihil credere 
dere obscura temere debemus; ne fortè, quod postea veritas patefecerit, quamvis 
Libris Sanctis, sive Testamenti veteris, sive, novi nullo modo esse possit 
aeeversum, tamen propter amorem nostri erroris, oderimus. Which particular, 
although (at present) it cannot easily be comprehended, yet I suppose in our 
farther Progress of handling the Scriptures, we may meet with some more 
pertinent places, upon which it will be permitted us (if not to determin any thing 
for certain, yet) to suggest somewhat concerning this matter, according to the 
dictates of Sacred Authority. But novv, the moderation of pious gravity being 
alwaies observed, vve ought to receive nothing rashly in a doubtful point, least 
perhaps vve reject that out of respect to our Errour, vvhich hereafter Truth may 
discover, to be in no wvise repugnant to the Sacred Volumes of the Old and Nevv 
Testament. 


By this and other places (if I deceive not my self) the intent of the Holy 
Fathers appeareth to be, That in Natural questions, and which are not de Fide, it 
is first to be considered, whether they be indubitably demonstrated, or by 
sensible Experiments known; or whether such a knowledge and demonstration is 
to be had; which having obtained, and it being the gift of God, it ought to be 
applyed to find out the true Sences of the Sacred Pages in those places, which in 
appearance might seem to speak to a contrary meaning: Which will 
unquestionably be pierced into by Prudent Divines, together with the occasions 
that moved the Holy Ghost,Id. D Aug. in Gen. ad Litteram, lib. 1. in sine. (for 
our exercise, or for some other reason to me unknown) to veil it self sometimes 
under words of different significations. 

As to the other point, Of our regarding the Primary Scope of those Sacred 
Volumes, I cannot think that their having spoken alwaies in the same tenour, 
doth any thing at all disturb this Rule. For if it hath been the Scope of the 
Scripture by way of condescention to the capacity of the Vulgar at any time, to 
express a Proposition in words, that bear a sense different from the Essence of 
the said Proposition; why might it not have observed the same, and for the same 
respect, as often as it had occasion to speak of the same thing? Nay I conceive, 
that to have done otherwise, would but have encreased the confusion, and 
diminished the credit that these Sacred Records ought to have amongst the 
Common People. 

Again, that touching the Rest and Motion of the Sun and Earth, it was 
necessary, for accommodations to Popular Capacity, to assert that which the 
Litteral sense of the Scripture importeth, experience plainly proveth: For that 
even to our dayes people far less rude, do continue in the same Opinion upon 
Reasons, that if they were well weighed and examined, would be found to be 
extream trivial, and upon Experiments, either wholly false, or altogether besides 
the purpose. Nor is it worth while to go about to remove them from it, they being 
incapable of the contrary Reasons that depend upon too exquisite Observations, 
and too subtil Demonstrations, grounded upon Abstractions, which, for the 
comprehending of them, require too strong an Imagination. Whereupon, 
although that the Stability of Heaveu, and Motion of the Earth should be more 
than certain and demonstrated to the Wise; yet nevertheless it would be 
necessary, for the conservation of credit amongst the Vulgar, to affirm the 
contrary: For that of a thousand ordinary men, that come to be questioned 
concerning these particulars, its probab [...Je that there will not be found so 
much as one that will not answer that he thinketh, and so certainly he doth, that 
the Sun moveth, and the Earth standeth still. But yet none ought to take this 
common Popular Assent to be any Argument of the truth of that which is 


affirmed: For if we should examine these very men touching the grounds and 
motives by which they are induced to believe in that manner; and on the other 
side should hear what Experiments and Demonstrations perswade those few 
others to believe the contrary, we should finde these latter to be moved by most 
solid Reasons, and the former by simple appearances, and vain and ridiculous 
occurrences. That therefore it was necessary to assign Motion to the Sun, and 
Rest to the earth, lest the shallow capacity of the Vulgar should be confounded, 
amused, and rendred obstinate and contumacious, in giving credit to the 
principal Articles, and which are absolutely de fide, it is sufficiently obvious. 
And if it was necessary so to do, it is not at all to be wondred at, that it was with 
extraordinary Wisdom so done, in the Divine Scriptures. 

But I will alledge further, That not onely a respect to the Incapacity of the 
Vulgar, but the current Opinion of those times made the Sacred Writers, in the 
points that were not necessary to salvation, to accommodate themselves more to 
the received use, than to the true Essence of things: Of which S. Hierom treating, 
writeth:Quasi non mu [...]tain Scripturis Sanctis dicantur juxta opinionem illius 
temporis quo gesta referunt, & non juxta quod rei veritas contenebat. D. Hiero. 
in c. 28. Jerem. As if many things were not spoken in the Holy Scriptures 
according to the judgement of those times in which they were acted, and not 
according to that which truth contained. And elsewhere, the same 
Saint:Consuetudinis Scripturarum est, ut opinionem multarum rerum sic narret 
Historicus, quomodo eo tempore ab omnibus credebatur. In ca. Matth. It is the 
custome for the Pen-men of Scripture, to deliver their Judgments in many things, 
according to the common received opinion that their times had of them. AndD. 
Thomas, in ca. Job. v. 7. S. Thomas Aquinas in Job upon those words, Qui 
extendit Aquilonem super vacuum, & appendit Terram super nihilum: Noteth 
that the Scripture calleth that space Vacuum and Nihilum, which imbraceth and 
invironeth the Earth, and which we know, not to be empty, bat filled with Air, 
Neverthelesse, saith he, The Scripture to comply with the apprehension of the 
Vulgar, who think that in that same space there is nothing, calleth it Vacuum and 
Nihilum. Here the words of S. Thomas, Quod de superiori Haemisphaerio Coeli 
nihil nobis apparet, nisi spatium aëre plenum, quod vulgares homines reputant 
Vacuum; loquitur enim secundum existimationem vulgarium hominum, prout est 
mos in Sacra Scriptura. Now from this Place I think one may very Logically 
argue, That the Sacred Scripture for the same respect had much more reason to 
phrase the Sun moveable, and the Earth immoveable. For if we should try the 
capacity of the Common People, we should find them much more unapt to be 
perswaded of the stability of the Sun, and Motion of the Earth, than that the 
space that environeth it is full of Air. Therefore if the sacred Authors, in this 


point, which had not so much difficulty to be beat into the capacity of the 
Vulgar, have notwithstanding forborn to attempt perswading them unto it, it 
must needs seem very reasonable that in other Propositions much more abstruse 
they have observed the same stile. Nay Copernicus himself, knowing what 
power an antiquated custome and way of conceiving things become familiar to 
us from our infancy hath in our Fancy, that he might not increase confusion and 
difficulty in our apprehensions, after he had first demonstrated, That the Motions 
which appear to us to belong to the Sun, or to the Firmament, are really in the 
Earth; in proceeding afterwards to reduce them into Tables, and to apply them to 
use, he calleth them the Motions of the Sun, and of the Heaven that is above the 
Planets; expresly terming them the Rising and Setting of the Sun and Stars; and 
mutations in the obliquity of the Zodiack, and variations in the points of the 
Equinoxes, the Middle Motion, Anomalia, Prosthaphaeresis of the Sun; and such 
other things; which do in reality belong to the Earth: But because being joyned 
to it, and consequently having a share in every of its motions, we cannot 
immediately discern them in her, but are forced to refer them to the Celestial 
Bodies in which they appear; therefore we call them as if they were made there, 
where they seem to us to be made. Whence it is to be noted how nenessary it is 
to accommodate our discourse to our old and accustomed manner of 
understanding. 

That, in the next place, the common consent of Fathers, in receiving a Natural 
Proposition of Scripture, all in the same sense ought to Authorize it so far, as to 
make it become a matter of Faith to believe it to beNamely, according to the 
Litteral Sense. so, I should think that it ought at most to be understood of those 
Conclusions onely, which have been by the said Fathers discussed, and sifted 
with all possible diligence, and debated on the one side, and on the other, and all 
things in the end concurring to disprove the one, and prove the other. But the 
Mobility of the Earth, and Stability of the Sun, are not of this kinde; For, that the 
said Opinion was in those times totally buried, and never brought amongst the 
Questions of the Schools, and not considered, much less followed by any one: 
So that it is to be believed that it never so much as entered into the thought of the 
Fathers to dispute it, the Places of Scripture, their own Opinion, and the assent of 
men having all concurred in the same judgement, without the contradiction of 
any one, so far as we can finde. 

Besides, it is not enough to say that the Fathers all admit the stability of the 
Earth, &c. Therefore to believe it is a matter of Faith: But its necessary to prove 
that they have condemned the contrary Opinion: For I may affirm and bide by 
this, That their not having occasion to make satisfaction upon the same, and to 
discuss it, hath made them to omit and admit it, onely as current, but not as 


resolved and proved. And I think I have very good Reason for what I say; For 
either the Fathers did make reflection upon this Conclusion as controverted, or 
not: If not, then they could determin nothing concerning it, no not in their private 
thoughts; and their incogitance doth not oblige us to receive those Precepts 
which they have not, so much as in their intentions enjoyned. But if they did 
reflect and consider thereon, they would long since have condemned it, if they 
had judged it erroneous; which we do not find that they have done. Nay, after 
that some Divines have began to consider it, we find that they have not deem’d it 
erroneous; as we read in the Commentaries of Didacus a Stunica upon Job, in 
Ca, v. 6. on the words, Qui commovet Terram de loco suo, &c. Where he at 
large discourseth upon the Copernican Hypothesis, and concludeth, That the 
Mobility of the Earth, is not contrary to Scripture. 

Withal, I may justly question the truth of that determination, namely, That the 
Church enjoyneth us to hold such like Natural Conclusions as matters of Faith, 
onely because they bear the stamp of an unanimous Interpretation of all the 
Fathers: And I do suppose that it may possibly be, that those who hold in this 
manner, might possibly have gone about in favour of their own Opinion, to have 
amplified the Decretal of the Councils; which I cannot finde in this case to 
prohibit any other, save onely, Perverting to Senses contrary to that of Holy 
Church, or of the concurrent consent of Fathers, those places, and those onely 
that do pertain either to Faith or Manners, or concern our edification in the 
Doctrine of Christianity: And thus speaks the Council of Trent. Concil. Trid. 
Sess. 4. Sess. 4. But the Mobility or Stability of the Earth, or of the Sun, are not 
matters of Faith, nor contrary to Manners, nor is there any one, that for the 
stablishing of this Opinion, will pervert places of Scripture in opposition to the 
Holy Church, or to the Fathers: Nay, Those who have writ of this Doctrine, did 
never make use of Texts of Scripture; that they might leave it still in the breasts 
of Grave and Prudent Divines to interpret the said Places, according to their true 
meaning. 

And how far the Decrees of Councills do comply with the Holy Fathers in 
these particulars, may be sufficiently manifest, in that they are so far from 
enjoyning to receive such like Natural Conclusions for matters of Faith, or from 
censuring the contrary Opinions as erronious; that rather respecting the Primitive 
and primary intention of the Holy Church, they do adjudge it unprofitable to be 
busied in examining the truth thereof. Let your Highness be pleased to hear once 
again what S. Augustine answers to to those Brethren who put the Question, 
Whether it be true that Heaven moveth, or standeth still?His resp [...]ndeo, mul 
[...Jum subuliter, & laboriosis rationibus, ista perquiri, ut vere percipiatur, utrum 
ita, an non ita sit: quibus ineundis atque tractandis, nec mihi jam, tem [...]Jus est, 


nec illis esse debet, quos ad salutem suam, Sanctae Ecclesiae necessariam 
utilitatem cupimus informari. To these I answer, That Points of this nature 
require a curious and profound examination, that it may truly appear whether 
they be true or false; a work inconsistent with my leasure to undertake or go 
thorow with, nor is it any way necessary for those, whom we desire to inform of 
things that more nearly concern their own salvation and The Churches Benefit. 
But yet although in Natural Propositions we were to take the resolution of 
condemning or admitting them from Texts of Scripture unanimously expounded 
in the same Sense by all the Fathers, yet do I not see how this Rule can hold in 
our Case; for that upon the same Places we read several Expositions in the 
Fathers; Non solem, sed Primum Mobile immotum constitisse: Dionis. Areop. 
Dionysius Areopagita saying, That the Primum Mobile, and not the Sun stand 
still. Saint Augustine is of the same Opinion; Omnia corpora Caelestia, immota 
substitisse: All the Celestial Bodies were immoveable. And with them 
concurreth Abulensis. But which is more, amongst the Jewish Authors (whom 
Josephus applauds) some have held,Solem revera non substitisse immotum, sed 
probrevi tempore, intra quod Israelitae, hostes suos fuderunt, id ita visumesse. 
That The Sun did not really stand still, but seemed so to do, during the short 
time in which Israel gave the overthrow to their Enemies. So for the Miracle in 
the time of Hezekiah, Paulus Burgensis is of opinion that it was not wrought on 
the Sun, but on the Diall. But that, in short, it is necessary to Glosse and Interpret 
the words of the Text in Joshua, when ever the Worlds Systeme is in dispute,Isa. 
Ca. I shall shew anon. Now finally, granting to these Gentlemen more than they 
demand, to wit, That we are wholly to acquiesce in the judgment of Judicious 
Divines, and that in regard that such a particular Disquisition is not found to 
have been made by the Ancient Fathers, it may be undertaken by the Sages of 
our Age, who having first heard the Experiments, Observations, Reasons, and 
Demonstrations of Philosophers and Astronomers, on the one side, and on the 
other (seeing that the Controversie is about Natural Problems, and Necessary 
Dilemma’s, and which cannot possibly be otherwise than in one of the two 
manners in controversie) they may with competent certainty determine what 
Divine Inspirations shall dictate to them. But that without minutely examining 
and discussing all the Reasons on both sides; and without ever comming to any 
certainty of the truth of the Case, such a Resolution should be taken, Is not to be 
hoped from those who do not stick to hazzard the Majesty and Dignity of the 
Sacred Scripture, in defending the reputation of their vain Fancies; Nor to be 
feared from those who make it their whole businesse, to examine with all 
intensness, what the Grounds of this Doctrine are; and that only in an Holy Zeal 
for Truth, the Sacred Scriptures, and for the Majesty, Dignity, and Authority, in 


which every Christian should indeavour to have them maintained. Which 
Dignity, who seeth not that it is with greater Zeal desired and procured by those 
who, absolutely submitting themselves to the Holy Church, desire, not that this, 
or that opinion may be prohibited, but onely that such things may be proposed to 
consideration, as may the more ascertain her in the safest choice, than by those 
who being blinded by their particular Interest, or stimulated by malitious 
suggestions, preach that she should, without more ado, thunder out Curses, for 
that she had power so to do: Not considering that all that may be done is not 
alwayes convenient to be done. The Holy Fathers of old were not of this opinion, 
but rather knowing of how great prejudice, and how much against the primary 
intent of the Catholick Church, it would be to go about from Texts of Scripture 
to decide Natural Conclusions, touching which, either Experiments or necessary 
Demonstrations, might in time to come evince the contrary, of that which the 
naked sense of the Words soundeth, they have not only proceeded with great 
circumspection, but have left the following Precepts for the instruction of 
others.In rebus obscuris, at que a nostris oculis remotissimis, siqua inde scripta 
etiam divina legerimus, quae possint salva fide, qua [...]Jimbuimur, aliis atque 
aliis parere sententiis, in nullam earum nos praecipiti affirmatione ita 
projiciamus, ut si forte diligentiùs discussa veritas ea recte labefactaverit, corr 
[...Jamus: non pro sententia Divinarum Scripturarum, sed pro nostra ita 
dimicantes, ut eam velimus Scriturarum esse, quae nostra est, cum potius cam 
quae Scripturarum est, nostram esse velle debeamus. Divus Augustin. in Gen. ad 
Litteram, lib. 2. c. 18. & seq. In points obscure and remote from our Sight, if we 
come to read any thing out of Sacred Writ, that, with a Salvo to the Faith that we 
have imbued, may correspond with several constructions, let us not so farre 
throw our selves upon any of them with a precipitous obstinacy, as that if, 
perhaps the Truth being more diligently search’t into, it should justly fall to the 
ground, we might fall together with it: and so shew that we contend not for the 
sense of Divine Scriptures, but our own, in that we would have that which is our 
own to be the sense of Scriptures, vvhen as vve should rather desire the 
Scriptures meaning to be ours. 

He goeth on, and a little after teacheth us, that no Proposition can be against 
the Faith, unlesse first it be demonstrated false; saying,Tam diu non est extra 
fidem, donec Veritate certissima refellatur. Quod si factum fuerit, non hoc 
habebat Divina Scriptura, sed hoc senserat humana Ignorantia. Ibid. Tis not all 
the while contrary to Faith, until it be disproved by most certain Truth, which if 
it should so be, the Holy Scripture affirm’d it not, but Humane Ignorance 
supposed it. Whereby we see that the senses which we impose on Texts of 
Scripture, would be false, when ever they should disagree with Truths 


demonstrated. And therefore we ought, by help of demonstrated Truth, to seek 
the undoubted sense of Scripture: and not according to the sound of the words, 
that may seem true to our weaknesse, to go about, as it were, to force Nature, 
and to deny Experiments and Necessary Demonstrations. 

Let Your Highnesse be pleased to observe farther, with how great 
circumspection this Holy Man proceedeth, before he affirmeth any Interpretation 
of Scripture to be sure, and in such wise certain, as that it need not fear the 
encounter of any difficulty that may procure it disturbance, for not contenting 
himself that some sense of Scripture agreeth with some Demonstration, he 
subjoynes. Si autem hoc verum esse vera ratio demonstraverit, adhuc incertum 
erit, utrum hoc in illis verbis Sanctorum Librorum, Scriptor sentiri voluerit, an 
aliquid aliud non minus verum. Quod s [...]caetra contextio sermonis non hoc 
eum voluisse probaverit, non ideo falsum erit aliud, quod ipse intelligi voluit, 
sed & verum, & quod utilius cognoscatur. But if right Reason shall demonstrate 
this to be true, yet is it questionable whether in these words of Sacred Scripture 
the Pen-man would have this to be understood, or somewhat else, no lesse true. 
And in case the Context of his Words shall prove that he intended not this, yet 
will not that which he would have to be understood be therefore false, but most 
true, aad that which is more profitable to be knovvn. 

But that which increaseth our wonder concerning the circumspection, 
wherewith this Pious Author proceedeth, is, that not trusting to his observing, 
that both Demonstrative Reasons, and the sense that the words of Scripture and 
the rest of the Context both precedent and subsequent, do conspire to prove the 
same thing, he addeth the following words. 

Si autem contextio Scripturae, hoc voluiss intelligi Scriptorem, non 
repugnaverit, adhuc restabit quaerere, utrum & aliud non potuerit. But if the 
Context do not hold forth any thing that may disprove this to be the Authors 
Sense, it yet remains to enquire, Whether the other may not be intended also. 
And not yet resolving to accept of one Sense, or reject another, but thinking that 
he could never use sufficient caution, he proceedeth: Quod si & aliud potuisse 
invenerimus, incertum erit; quidnam eorum ille voluerit: aut utrumque voluisse 
non inconvenienter creditur, si utriusque sententiae certa circumstantia 
sufragatur. But if so be we finde that the other may be also meant, it vvill be 
doubted which of them he would have to stand; or which in probability he may 
be thought to aim at, if the true circumstances on both sides be weighed. And 
lastly, intending to render a Reason of this his Rule, by shewing us to what perils 
those men expose the Scriptures, and the Church; who, more respecting the 
support of their own errours, than the Scriptures Dignity, would stretch its 
Authority beyond the Bounds which it prescribeth to it self, he subjoyns the 


ensuing words, which of themselves alone might suffice to repress and moderate 
the excessive liberty, which some think that they may assume to themselves: 
Plerumque enim accidit, ut aliquid de Terra, de Celo, de ceteris hujus mundi 
elementis, de motu, conversione, vel etiam magnitudine & intervallis Syderum, 
de certis defectibus Solis, & Lunae, de eircuitibus annorum & temporum; de 
Naturis animalium, fruticum, lapidum, atque hujusmodi ceteris, etiam non 
Christianus ita noverit, ut cirtissima ratione vel experientia teneat. Turpe autem 
est nimis & perniciosum, ac maxime cavendum, ut Christianum de his rebus 
quasi secundum Christianas litteras loquentem, ita delirare quilibet infidelis 
audiat, ut, quem admodum dicitur, toto Caelo errare conspiciens, risu tenere vix 
possit: & non tam molestum est, quod errans homo derideretur, sed quod 
auctores nostri, ab tis qui foris sunt, talia sensisse creduntur, & cum magno 
exitio corim, de quorum salute satagimus, tanquam indocti reprehenduntur atque 
respuuntur. Cum enim quemquam de numero Christianorum eai [...]re, quam ipsi 
optime norunt, deprehenderint, & vanam sententiam suam de nostris libris 
asserent; quo pacto illis Libris credituri sunt, de Resurrectione Mortuorum, & de 
spe vitae eternae, Regnoque Celorum; quando de his rebus quas jam experiri, vel 
indubitatis rationibus percipere potuerunt, fallaciter putaverint esse conscriptos. 
For it many times falls out, that a Christian may not so fully understand a Point 
concerning the Earth, Heaven, and the rest of this Worlds Elements; the Motion, 
Conversion, Magnitude, and Distances of the Stars, the certain defects of the Sun 
and Moon, the Revolutions of Years and Times, the Nature of Animals, Fruits, 
Stones, and other things of like nature, as to defend the same by right Reason, or 
make it out by Experiments. But its too great an absurdity, yea most pernicious, 
and chiefly to be avoided, to let an Infidel finde a Christian so stupid, that he 
should argue these matters; as if they were according to Christian Doctrine; and 
make him (as the Proverb saith) scarce able to contain his laughter, seeing him 
so far from the Mark. Nor is the matter so much that one in an errour should be 
laught at, but that our Authors should be thought by them that are without, to be 
of the same Opinion, and to the great prejudice of those, whose salvation we 
wait for, sensured and rejected as unlearned. For when they shal confute any one 
of the Christians in that matter, vvhich they themselvs thorovvly understand, and 
shall thereupon express their light esteem of our Books; hovv shall these 
Volumes be believed touching the Resurrection of the Dead, the Hope of eternal 
Life, and the Kingdom of Heaven; vvhen, as to these Points vvhich admit of 
present Demonstration, or undoubted Reasons, they conceive them to be falsly 
vvritten. 

And how much the truly Wise and Prudent Fathers are displeased with these 
men, who in defence of Propositions which they do not understand, do apply, 


and in a certain sense pawn Texts of Scripture, and afterwards go on to encrease 
their first Errour, by producing other places less understood than the former. The 
same Saint declareth in the expressions following: Quid enim molestiae, 
tristiaeque ingerant prudentibus fratribus, tenerar [...]j praesumpiores, satis dici 
non potest, cum, si quando de falsa & prava opinione sua reprehendi & convinci 
caeperint, ab iis qui nostrorum librorum auctoritate, & apertissima falsitate 
dixerunt, eosdnm libros Sanctos, unde id probent, proferre conantur; vel etiam 
memoriter, quae ad testimonium v [...Jlere arbitrantur, multa inde verba 
pronunciant, non intelligentes, neque quae loquuntur, neque de quibus affirmant. 
What trouble and sorrow weak undertakers bring upon their knowing Brethren, 
is not to be expressed; since vvhen they begin to be told and convinced of their 
false and unsound Opinion, by those vvho have no respect for the Authority of 
our Scriptures, in defence of vvhat through a fond Temerity, and most manifest 
falsity, they have urged; they fall to citing the said Sacred Books for proof of it, 
or else repeat many vvords by heart out of them, vvhich they conceive to make 
for their purpose; not knovving either what they say, or vvhereof they affirm. 

In the number of these we may, as I conceive, account those, who, being 
either unwilling or unable to understand the Demonstrations and Experiments, 
wherewith the Author and followers of this Opinion do confirm it, run upon all 
occasions to the Scriptures, not considering that the more they cite them, and the 
more they persist in affirming that they are very clear, and do admit no other 
senses, save those which they force upon them, the greater injury they do to the 
Dignity of them (if we allowed that their judgments were of any great Authority) 
in case that the Truth coming to be manifestly known to the contrary, should 
occasion any confusion, at least to those who are separated from the Holy 
Church; of whom yet she is very solicitous, and like a tender Mother, desirous to 
recover them again into her Lap Your Highness therefore may see how 
praeposterously those Persons proceed, who in Natural Disputations do range 
Texts of Scripture in the Front for their Arguments; and such Texts too many 
times, as are but superficially understood by them. 

But if these men do verily think, & absolutely believe that they have the true 
sence of Such a particular place of Scripture, it must needs follow of 
consequence, that they do likewise hold for, certain, that they have found the 
absolute truth of that Natural Conclusion, which they intend to dispute: And that 
withal, they do know that they have a great advantage of their Adversary, whose 
Lot it is to defend the part that is false; in regard that he who maintaineth the 
Truth, may have many sensible experiments, and many necessary 
Demonstrations on his side; whereas his Antagonist can make use of no other 
than deceitful appearances, Paralogisms and Sophisms. Now if they keeping 


within natural bounds, & producing no other Weapons but those of Philosophy, 
pretend however, to have so much advantage of their Enemy; why do they 
afterwards in coming to engage, presently betake themselves to a Weapon 
inevitable & dreadful to terrifie their Opponent with the sole beholding of it? But 
if I may speak the truth, I believe that they are the first that are affrighted, and 
that perceiving themselves unable to bear up against the assaults of theit 
Adversary, go about to find out ways how to keep them far enough off, 
forbidding unto them the use of the Reason which the Divine Bounty had 
vouchsafed them, & abusing the most equitable Authority of sacred Scripture, 
which rightly understood and applyed, can never, according to the common 
Maxime of Divines, oppose the Manifest Experiments, or Necessary 
Demonstrations. But these mens running to the Scriptures for a Cloak to their 
inability to comprehend, not to say resolve the Reasons alledged against them, 
ought (if I be not mistaken) to stand them in no stead: the Opinion which they 
oppose having never as yet been condemned by Holy Church. So that if they 
would proceed with Candor, they should either by silence confess themselves 
unable to handle such like points, or first consider that it is not in the power of 
them or others, If this passage seem harsh, the Reader must remember that I do 
but Translate. but onely in that of the Pope, and of Sacred Councils to censure a 
Position to be Erroneous: But that it is left to their freedome to dispute 
concerning its falsity. And thereupon, knowing that it is impossible that a 
Proposition should at the same time be True and Heretical; they ought, I say, to 
imploy themselves in that work which is most proper to them, namely, in 
demonstrating the falsity thereof: whereby they may see how needlesse the 
prohibiting of it is, its falshood being once discovered, for that none would 
follow it: or the Prohibition would be safe, and without all danger of Scandal. 
Therefore first let these men apply themselves to examine the Arguments of 
Copernicus and others; and leave the condemning of them for Erroneous and 
Heretical to whom it belongeth: But yet let them not hope ever to finde such rash 
and precipitous Determinations in the Wary and Holy Fathers, or in the absolute 
Wisdome of him that cannot erre, as those into which they suffer themselves to 
be hurried by some particular Affection or Interest of their own. In these and 
such other Positions, which are not directly de Fide, certainly no man doubts but 
His Holiness hath alwayes an absolute power of Admitting or Condemning 
them, but it is not in the power of any Creature to make them to be true or false, 
otherwise than of their own nature, and de facto they are. 

Therefore it is in my judgment more discretion to assure us first of the 
necessary and immutable Truth of the Fact, (over which none hath power) than 
without that certainty by condemning one part to deprive ones self of that 


authority of freedome to elect, making those Determinations to become 
necessary, which at present are indifferent and arbitrary, and rest in the will of 
Supreme Authority. And in a word, if it be not possible that a Conclusion should 
be declared Heretical, whilst we are not certain, but that it may be true, their 
pains are in vain who pretend to condemn the Mobility of the Earth and Stability 
of the Sun, unlesse they have first demonstrated it to be impossible and false. 

It remaineth now, that we consider whether it be true, that the Place in 
Joshuah may be taken without altering the pure signification of the words: and 
how it can be that the Sun, obeying the command of Joshuah, which was, That it 
should stand still, the day might thereupon be much lengthened. Which 
businesse, if the Celestial Motions be taken according to the Ptolomaick 
Systeme, can never any wayes happen, for that the Sun moving thorow the 
Ecliptick, according to the order of the Signes, which is from East to West 
(which is that which maketh Day and Night) it is a thing manifest, that the Sun 
ceasing its true and proper Motion, the day would become shorter and not 
longer; and that on the contrary, the way to lengthen it would be to hasten and 
velocitate the Suns motion; insomuch that to cause the Sun to stay above the 
Horizon for some time, in one and the same place, without declining towards the 
West, it would be necessary to accelerate its motion in such a manner as that it 
might seem equal to that of the Primum Mobile, which would be an accelerating 
it about three hundred and sixty times more than ordinary. If therefore Joshuah 
had had an intention that his words should be taken in their pure and proper 
signification, he would have bid the Sun to have accelerated its Motion so, that 
the Rapture of the Primum Mobile might not carry it to the West: but because his 
words were heard by people which haply knew no other Celestial Motion, save 
this grand and common one, from East to West, stooping to their Capacity, and 
having no intention to teach them the Constitution of the Spheres, but only that 
they should perceive the greatness of the Miracle wrought, in the lengthening of 
the Day, he spoke according to their apprehension. Possibly this Consideration 
moved Dionysius Areopagita to say that in this Miracle the Primum Mobile 
stood still, and this stopping, all the Celestial Spheres did of consequence stay: 
of which opinion is S. Augustine himself, and Abulensis at large confirmeth it. 
Yea, that Joshua’s intention was, that the whole Systeme of the Celestial Spheres 
should stand still, is collected from the command he gave at the same time to the 
Moon, although that it had nothing to do in the lengthening of the day; and under 
the injunction laid upon the Moon, we are to understand the Orbes of all the 
other Planets, passed over in silence here, as also in all other places of the Sacred 
Scriptures; the intention of which, was not to teach us the Astronomical 
Sciences. I suppose therefore, (if I be not deceived) that it is very plain, that if 


we allow the Ptolemaick Systeme, we must of necessity interpret the words to 
some sense different from their strict signification. Which Interpretation (being 
admonished by the most usefull precepts of S. Augustine) I will not affirm to be 
of necessity this above-mentioned, since that some other man may haply think of 
some other more proper, and more agreeable Sense. 

But now, if this same passage may be understood in the Copernican Systeme, 
to agree better with what we read in Joshuah, with the help of another 
Observation by me newly shewen in the Body of the Sun; I will propound it to 
consideration, speaking alwaies with those safe Reserves; That I am not so 
affectionate to my own inventions, as to prefer them before those of other men, 
and to believe that better and more agreeable to the intention of the Sacred 
Volumes cannot be produced. 

Supposing therefore in the first place, that in the Miracle of Joshuah, the 
whole Systeme of the Celestial Revolutions stood still, according to the 
judgement of the afore-named Authors: And this is the rather to be admitted, to 
the end, that by the staying of one alone, all the Constitutions might not be 
confounded, and a great disorder needlesly introduced in the whole course of 
Nature: I come in the second place to consider how the Solar Body, although 
stable in one constant place, doth nevertheless revolve in it self, making an entire 
Conversion in the space of a Month, or thereabouts; as I conceive I have solidly 
demonstrated in my Letters Delle Machie Solari: Which motion we sensibly see 
to be in the upper part of its Globe, inclined towards the South; and thence 
towards the lower part, to encline towards the North, just in the same manner as 
all the other Orbs of the Planets do. Thirdly, If we respect the Nobility of the 
Sun, and his being the Fountain of Light, by which, (as I necessarily 
demonstrate) not onely the Moon and Earth, but all the other Planets (all in the 
same manner dark of themselves) become illuminated; I conceive that it will be 
no unlogicall Illation to say, That it, as the Grand Minister of Nature, and in a 
certain sense the Soul and Heart of the World, infuseth into the other Bodies 
which environ it; not onely Light, but Motion also; by revolving [...] On its own 
Axis. in it self: So that in the same manner that the motion of the Heart of an 
Animal ceasing, all the other motions of its Members would cease; so, the 
Conversion of the Sun ceasing, [...] Conversions of all the Planets would stand 
still. And though I could produce the testimonies of many grave Writers to 
prove the admirable power and influence of the Sun, I will content my self with 
one sole place of Holy Dionisius Areopagita in his Book de Divinis Nominibus; 
who thus writes of the Sun:Lux ejus colligit, convertitque ad se omnia, quae 
videntur, quae moventur, quae illustrantur, quae calescunt, & uno nomine ea, 
quae ab ejus splendore continentur. Itaque Sol [...] dicitur, quod omnia 


congreget, colligatque dispersa. His Light gathereth and converts all things to 
himself, which are seen, moved, illustrated, wax hot, and (in a word) those 
things which are preserved by his splendor: Wherefore the Sun is called [...], for 
that he collecteth and gathereth together all things dispersed. And a little after of 
the Sun again he adds;Si enim Sol hic quem videmus, eorum quae sub sensum 
cadunt, essentias & qualitates, quaeque multa sint ac dissimiles, tamen ipse qui 
unus est, aequaliterque lumen fundit, renovat, alit, tuetur, perficit, dividit, 
conjungit, fovet, faecunda reddit, auget, mutat, firmat edit, movet, vitalia (que) 
facit omnia: & unaqua (que) res hujus universitatis, pro captu suo, unius atque 
ejusdem Solis est particeps, causasque multorum, quae participent, in se 
aequabiliter anticipatas habet, certe majori raticne, &c. If this Sun which we see, 
as touching the Essences and Qualities of those things which fall vvithin our 
Sense, being very many and different; yet if he vvho is one, and equally 
bestovves his Light, doth renew, nourish, defend, perfect, divide, conjoyn, 
cherish, make fruitfull, encrease, change, fix, produce, move, and fashion all 
living creatures: And every thing in this Vniverse at this Pleasure, is partaker of 
one and the same Sun; and the causes of many things which participate of him, 
are equally auticipated in him: Certainly by greater reason; &c. The Sun 
therefore being the Fountain of Light and, Principle of Motion, God intending, 
that at the Command of Joshua, all the Worlds Systeme, should continue many 
hours in the same state, it sufficeth to make the Sun stand still, upon whose stay 
(all the other Conversions ceasing) the Earth, the Moon, the Sun did abide in the 
same Constitution as before, as likewise all the other Planets: Nor in all that time 
did the Day decline towards Night, but it was miraculously prolonged: And in 
this manner, upon the standing still of the Sun, without altering, or in the least 
disturbing the other Aspects and mutual Positions of the Stars, the Day might be 
lengthned on Earth; which exactly agreeth with the Litteral sense of the Sacred 
Text. 

But that of which, if I be not mistaken, we are to make no small account, is, 
That by help of this Copernican Hypothesis, we have the Litteral, apert, and 
Natural Sense of another particular that we read of in the same Miracle; which 
is, That the Sun stood still in Medio Caeli: Upon which passage grave Divines 
raise many questions, in regard it seemeth very probable, That when Joshuah 
desired the lengthning of the Day, the Sun was near setting, and not in the 
Meridian; for if it had been in the Meridian, it being then about the Summer 
Solstice, and consequently the dayes being at the longest, it doth not seem likely 
that it was necessary to pray for the lengthning of the day, to prosecute Victory 
in a Battail, the space of seven hours and more, which remained to Night, being 
sufficient for that purpose. Upon which Grave Divines have been induced to 


think that the Sun was near setting: And so the words themselves seem to sound, 
saying, Ne movearis Sol, ne movearis. For if it had been in the Meridian, either 
it had been needless to have asked a Mircale, or it would have been sufficient to 
have onely praid for some retardment. Of this opinion is Cajetan, to which 
subscribeth Magaglianes, confirming it by saying, that Joshua had that very day 
done so many other things before his commanding the Sun, as were not possibly 
to be dispatch’t in half a day. Whereupon they are forced to read the Words in 
Medio Coeli (to confess the truth) with a little harshness, saying that they import 
no more than this: That the Sun stood still, being in our Hemisphere, Solem 
stetisse, dum adhuc in Hemisphaerio nostro, supra scilicet Horizontem existeret. 
Cajetan in loco. that is, above the Horizon. But (if I do not erre) we shall avoid 
that and all other harsh expositions, if according to the Copernican Systeme we 
place the Sun in the midst, that is, in the Centre of the Coelestial Orbes, and of 
the Planetary Conversions, as it is most requisite to do. For supposing any hour 
of the day (either Noon, or any other, as you shall please neerer to the Evening) 
the Day was lengthened, and all the Coelestial Revolutions stayed by the Suns 
standing still, In the midst, that is, in the Centre of Heaven, where it resides: A 
Sense so much the more accomodate to the Letter (besides what hath been said 
already) in that, if the Text had desired to have affirmed the Suns Rest to have 
been caused at Noon-day, the proper expression of it had been to say, It stood 
still at Noon-day, or in the Meridian Circle, and not in the midst of Heaven: In 
regard that the true and only Middle of a Spherical Body (as is Heaven) is the 
Centre. 

Again, as to other places of Scripture, which seem contrary to this position, I 
do not doubt but that if it were acknowledged for True and Demonstrated those 
very Divines who so long as they repute it false, hold those places incapable of 
Expositions that agree with it would finde such Interpretations for them, as 
should very well suit therewith; and especially if to the knowledge of Divine 
Learning they would but adde some knowledge of the Astronomical Sciences: 
And as at present, whilst they deem it false they think they meet in Scripture 
only with such places as make against it, if they shall but once have entertained 
another conceipt thereof, they would meet peradventure as many others that 
accord with it, and haply would judge, that the Holy Church doth very appositly 
teach, That God placed the Sun in the Centre of Heaven, and that thereupon by 
revolving it in it self, after the manner of a Wheel, He contributed the ordinary 
Courses to the Moon and other Erratick Stars, whilst that she Sings, 


Coeli Deus sanctissime, 
Qui lucidum Centrum Poli, 


Candore pingis igneo, 
Augens decoro lumine, 
Quarto die, qui flammeam 


Solis rotam constituens 
Lunae ministras ordinem, 
Vagosque cursus Syderum. 


They might say, that the Name of Firmament very well agreeth, ad literam, to 
the Starry Sphere, and to all that which is above the Planetary Conversions; 
which according to this Hypothesis is altogether firme and immoveable. Ad 
litteram (the Earth moving circularly) they might understand its Poles, where it’s 
said, Nec dum Terram fecerat, & flumina, & Cardines Orbis Terrae, Which 
Cardines orOr Poles. Hinges seem to be ascribed to the Earth in vain, if it be not 
to turn upon them. 


FINIS. 


DISCOURSE ON FLOATING BODIES 


So 








Translated by Thomas Salusbury 


At a dinner held by Cosimo II de’ Medici, the Grand Duke of Tuscany, Galileo 
discussed with, inter alia, Lodovico delle Columbe (an Aristotelian physicist, 
with views diametrically opposed to those of Galileo) the subjects of floating 
bodies and buoyancy. It was a classical encounter of scientific analysis opposed 
against philosophical principles, and Galileo won the day. As a result of this 
debate, Galileo published an account, encouraged by and dedicated to the Grand 
Duke of Tuscany. This interesting volume was published in 1612. Although 
often abbreviated to Discourse on Floating Bodies, its Italian title (and its 
publication in Italian rather than Latin made clear its general audience) was 
Discorso intorno alle cose, che Stanno in su l’acqua, ò che in quella si muovono, 
which more literally translates as Discourse on Bodies that Stay atop Water, or 
Move in It. The first edition sold out almost immediately, and a second edition 
appeared in the same year (see Figure 1). Within the text, Galileo’s views on 
sunspots and some of the planets (especially Venus, Jupiter and Saturn) were 
also mentioned. Thus Galileo again challenged the accepted Aristotelian view, 
pioneering the now accepted scientific methodology that practical experimental 
observations and mathematical analysis were paramount when weighed against 
unsubstantiated arguments: that empirical data, logically analysed, count more 
than philosophical speculation. 

Although this is an important work in Galileo’s development and his 
relationship with the authorities, it is not an easy read — which is not helped by a 
rather clumsy translation. A sense of this can be gained from the final sentence: 
“And this is the only true proper and absolute Cause of Natation and 
Submersion, so that nothing else hath part therein: and the Board of the 
Adversaries swimmeth, when it is conjoined with as much Air, as, together with 
it, doth form a Body less grave than so much water as would fill the place that 
the said Compound occupies in the water; but when they shall demit the simple 
Ebony into the water, according to the Tenor of our Question, it shall always go 
to the bottom, though it were as thin as a Paper.” 





Figure 1: Title page of the second edition of ‘Discorso intorno alle cose, che Stanno in su l’acqua, ò che in 
quella si muovono’, published (like the first edition) in 1612. 


A DISCOVRSE 
Presented to the Most Serene DON COSIMO II. 


GREAT DUKE of TUSCANY: 


CONCERNING 
The Natation of BODIES Upon, or Submersion In, the WATER. 


Considering (Most Serene Prince) that the publishing this present Treatise, of so 
different an Argument from that which many expect, and which according to the 
intentions I proposed in my “ Astronomicall Adviso, I should before this time 
have put forth, might peradventure make some thinke, either that I had wholly 
relinquished my farther imployment about the new Celestiall Observations, or 
that, at least, I handled them very remissely; I have judged fit to render an 
account, aswell of my deferring that, as of my writing, and publishing this 
treatise. 


A His Nuncio Siderio. 


As to the first, the last discoveries of Saturn to be tricorporeall, and of the 
mutations of Figure in Venus, like to those that are seen in the Moon, together 
with the Consequents depending thereupon, have not so much occasioned the 
demur, as the investigation of the times of the Conversions of each of the Four 
Medicean Planets about Jupiter, which I lighted upon in April the year past, 
1611, at my being in Rome; where, in the end, I assertained my selfe, that the 
first and neerest to Jupiter, moved about 8 gr. & 29 m. of its Sphere in an houre, 
makeing its whole revolution in one naturall day, and 18 hours, and almost an 
halfe. The second moves in its Orbe 14 gr. 13 min. or very neer, in an hour, and 
its compleat conversion is consummate in 3 dayes, 13 hours, and one third, or 
thereabouts. The third passeth in an hour, 2 gr. 6 min. little more or less of its 
Circle, and measures it all in 7 dayes, 4 hours, or very neer. The fourth, and 
more remote than the rest, goes in one houre, 0 gr 54 min. and almost an halfe of 
its Sphere, and finisheth it all in 16 dayes, and very neer 18 hours. But because 
the excessive velocity of their returns or restitutions, requires a most scrupulous 
precisenesse to calculate their places, in times past and future, especially if the 
time be for many Moneths or Years; I am therefore forced, with other 
Observations, and more exact than the former, and in times more remote from 
one another, to correct the Tables of such Motions, and limit them even to the 
shortest moment: for such exactnesse my first Observations suffice not; not only 
in regard of the short intervals of Time, but because I had not as then found out a 
way to measure the distances between the said Planets by any Instrument: I 
Observed such Intervals with simple relation to the Diameter of the Body of 
Jupiter; taken, as we have said, by the eye, the which, though they admit not 


errors of above a Minute, yet they suffice not for the determination of the exact 
greatness of the Spheres of those Stars. But now that I have hit upon a way of 
taking such measures without failing, scarce in a very few Seconds, I will 
continue the observation to the very occultation of JUPITER, which shall serve 
to bring us to the perfect knowledge of the Motions, and Magnitudes of the 
Orbes of the said Planets, together also with some other consequences thence 
arising. I adde to these things the observation of some obscure Spots‘, which are 
discovered in the Solar Body, which changing, position in that, propounds to our 
consideration a great argument either that the Sun revolves in it selfe, or that 
perhaps other Starrs, in like manner as Venus and Mercury, revolve about it, 
invisible in other times, by reason of their small digressions, lesse than that of 
Mercury, and only visible when they interpose between the Sun and our eye, or 
else hint the truth of both this and that; the certainty of which things ought not to 
be contemned, nor omitted. 


1 The Authors Observations of the Solar Spots 


Continuall observation hath at last assured me that these Spots are matters 
contiguous to the Body of the Sun, there continually produced in great number, 
and afterwards dissolved, some in a shorter, some in a longer time, and to be by 
the Conversion or Revolution of the Sun in it selfe, which in a Lunar Moneth, or 
thereabouts, finisheth its Period, caried about in a Circle, an accident great of it 
selfe, and greater for its Consequences. 

As to the other particular in the next place P” Many causes have moved me to 
write the present Tract, the subject whereof, is the Dispute which I held some 
dayes since, with some learned men of this City, about which, as your Highnesse 
knows, have followed many Discourses: The principall of which Causes hath 
been the Intimation of your Highnesse, having commended to me Writing, as a 
singular means to make true known from false, reall from apparent Reasons, farr 
better than by Disputing vocally, where the one or the other, or very often both 
the Disputants, through too greate heate, or exalting of the voyce, either are not 
understood, or else being transported by ostentation of not yeilding to one 
another, farr from the first Proposition, with the novelty, of the various 
Proposals, confound both themselves and their Auditors. 


B The occasion inducing the Author to write this Treatise. 


Moreover, it seemed to me convenient to informe your Highnesse of all the 
sequell, concerning the Controversie of which I treat, as it hath been advertised 


often already by others: and because the Doctrine which I follow, in the 
discussion of the point in hand, is different from that of Aristotle; and interferes 
with his Principles, I have considered that against the Authority of that most 
famous Man, which amongst many makes all suspected that comes not from the 
Schooles of the Peripateticks, its farr better to give ones Reasons by the Pen than 
by word of mouth, and therfore I resolved to write the present discourse: in 
which yet I hope to demonstrate that it was not out of capritiousnesse, or for that 
I had not read or understood Aristotle, that I sometimes swerve from his opinion, 
but because severall Reasons perswade me to it, and the same Aristotle hath 
tought me to fix my judgment on that which is grounded upon Reason, and not 
on the bare Authority of the Master’; and it is most certaine according to the 
sentence of Alcinoos, that philosophating should be free. Nor is the resolution of 
our Question in my judgment without some benefit to the Universall’, forasmuch 
as treating whether the figure of Solids operates, or not, in their going, or not 
going to the bottome in Water, in occurrences of building Bridges or other 
Fabricks on the Water, which happen commonly in affairs of grand import, it 
may be of great availe to know the truth. 


: Aristotle prefers Reason to the Authority ofan Author. 


3 The benefit of this Argument. 


I say therfore, that being the last Summer in company with certain Learned 
men, it was said in the argumentation; That Condensation was the propriety of 
Cold‘, and there was alledged for instance, the example of Ice: now I at that time 
said, that, in my judgment, the Ice should be rather Water rarified than 
condensed°, and my reason was, because Condensation begets diminution of 
Mass, and augmentation of gravity, and Rarifaction causeth greater Lightness, 
and augmentarion of Masse: and Water in freezing, encreaseth in Masse, and the 
Ice made thereby is lighter than the Water on which it swimmeth. 


4 Condensation the Propriety of Cold, according to the Peripateticks. 


5 ia 
Ice rather water rarified, than condensed, and why: 


What I say, is manifest, because, the medium subtracting from the whole 
Gravity of Sollids the weight of such another Masse of the said Medium; as 
Archimedes proves in his © First Booke De Insidentibus Humido; when ever the 
Masse of the said Solid encreaseth by Distraction, the more shall the Medium 


detract from its entire Gravity; and lesse, when by Compression it shall be 
condensed and reduced to a lesse Masse. 


C In lib: 1. of Natation of Bodies Prop. 7. 
Figure operates not in the Natation of Sollids. 


It was answered me, tha{t} that proceeded not from the greater Levity, but from 
the Figure, large and flat, which not being able to penetrate the Resistance of the 
Water, is the cause that it submergeth not. I replied, that any piece of Ice, of 
whatsoever Figure, swims upon the Water, a manifest signe, that its being never 
so flat and broad, hath not any part in its floating: and added, that it was a 
manifest proofe hereof to see a piece of Ice of very broad Figure being thrust to 
the botome of the Water, suddenly return to flote atoppe, which had it been more 
grave, and had its swimming proceeded from its Forme, unable to penetrate the 
Resistance of the Medium, that would be altogether impossible; I concluded 
therefore, that the Figure was in sort a Cause of the Natation or Submersion of 
Bodies, but the greater or lesse Gravity in respect of the Water: and therefore all 
Bodyes heavier than it of what Figure soever they be, indifferently go to the 
bottome, and the lighter, though of any figure, float indifferently on the top: and 
I suppose that those which hold otherwise, were induced to that beliefe, by 
seeing how that diversity of Formes or Figures, greatly altereth the Velosity, and 
Tardity of Motion; so that Bodies of Figure broad and thin, descend far more 
leasurely into the Water, than those of a more compacted Figure, though both 
made of the same Matter: by which some might be induced to believe that the 
Dilatation of the Figure might reduce it to such amplenesse that it should not 
only retard but wholly impede and take away the Motion, which I hold to be 
false. Upon this Conclusion, in many dayes discourse, was spoken much, and 
many things, and divers Experiments produced, of which your Highnesse heard, 
and saw some, and in this discourse shall have all that which hath been produced 
against my Assertion, and what hath been suggested to my thoughts on this 
matter, and for confirmation of my Conclusion: which if it shall suffice to 
remove that (as I esteem hitherto false) Opinion, I shall thinke I have not 
unprofitably spent my paynes and time. and although that come not to passe, yet 
ought I to promise another benefit to my selfe, namely, of attaining the 
knowledge of the truth, by hearing my Fallacyes confuted, and true 
demonstrations produced by those of the contrary opinion. 

And to proceed with the greatest plainness and perspicuity that I can possible, 
it is, I conceive, necessary, first of all to declare what is the true, intrinsecall, and 


totall Cause, of the ascending of some Sollid Bodyes in the Water, and therein 
floating; or on the contrary, of their sinking and so much the rather in asmuch as 
I cannot satisfie myselfe in that which Aristotle hath left written on this Subject. 


The cause of the Natation & submersion of Solids in the Water. 


I say then the Cause why some Sollid Bodyes descend to the Bottom of Water, is 
the excesse of their Gravity, above the Gravity of the Water; and on the contrary, 
the excess of the Waters Gravity above the Gravity of those, is the Cause that 
others do not descend, rather that they rise from the Bottom, and ascend to the 
Surface. This was subtilly demonstrated by Archimedes in his Book Of the 
NATATION of BODIES: Conferred afterwards by a very grave Author, but, if I 
erre not invisibly, as below for defence of him, I shall endeavour to prove. 

I, with a different Method, and by other meanes, will endeavour to 
demonstrate the same, reducing the Causes of such Effects to more intrinsecall 
and immediate Principles, in which also are discovered the Causes of some 
admirable and almost incredible Accidents, as that would be, that a very little 
quantity of Water, should be able, with its small weight, to raise and sustain a 
Solid Body, an hundred or a thousand times heavier than it. 

And because demonstrative Order so requires, I shall define certain Termes, 
and afterwards explain some Propositions, of which, as of things true and 
obvious, I may make use of to my present purpose. 


DEFINITION I. 


I then call equally Grave in specie, those Matters of which equall Masses weigh 
equally. 

As if for example, two Balls, one of Wax, and the other of some Wood of 
equall Masse, were also equall in Weight, we say, that such Wood, and the Wax 
are in specie equally grave. 


DEFINITION IL. 


But equally grave in Absolute Gravity, we call two Sollids, weighing equally, 
though of Mass they be unequal. 

As for example, a Mass of Lead, and another of Wood, that weigh each ten 
pounds, I call equall in Absolute Gravity, though the Mass of the Wood be much 
greater then that of the Lead. 


And, consequently, less Grave in specie. 


DEFINITION III. 


I call a Matter more Grave in specie than another, of which a Mass, equall to a 
Mass of the other, shall weigh more. 

And so I say, that Lead is more grave in specie than Tinn, because if you take 
of them two equall Masses, that of the Lead weigheth more. 


DEFINITION IV. 


But I call that Body more grave absolutely than this, if that weigh more than 
this, without any respect had to the Masses. 

And thus a great piece of Wood is said to weigh more than a little lump of 
Lead, though the Lead be in specie more heavy than the Wood. 

And the same is to be understood of the less grave in specie, and the less 
grave absolutely. 

These Termes defined, I take from the Mechanicks two Principles: the first is, 
that 


AXIOME. I. 


Weights absolutely equall, moved with equall Velocity, are of equall Force and 
Moment in their operations. 


DEFINITION V. 


Moment, amongst Mechanicians, signifieth that Vertue, that Force, or that 
Efficacy, with which the Mover moves, and the Moveable resists. 

Which Vertue dependes not only on the simple Gravity, but on the Velocity of 
the Motion, and on the diverse Inclinations of the Spaces along which the 
Motion is made: For a descending Weight makes a greater Impetus in a Space 
much declining, than in one less declining; and in summe, what ever is the 
occasion of such Vertue, it ever retaines the name of Moment; nor in my 
Judgement, is this sence new in our Idiome, for, if I mistake not, I think we often 
say; This is a weighty businesse, but the other is of small moment: and we 


consider lighter matters and let pass those of Moment; a Metaphor, I suppose, 
taken from the Mechanicks. 

As for example, two weights equall in absolute Gravity, being put into a 
Ballance of equall Arms, they stand in Equilibrium, neither one going down, nor 
the other up: because the equality of the Distances of both, from the Centre on 
which the Ballance is supported, and about which it moves, causeth that those 
weights, the said Ballance moving, shall in the same Time move equall Spaces, 
that is, shall move with equall Velocity, so that there is no reason for which this 
Weight should descend more than that, or that more than this; and therefore they 
make an Equilibrium, and their Moments continue of semblable and equall 
Vertue. 

The second Principle is; That 


AXIOME IL. 


The Moment and Force of the Gravity, is encreased by the Velocity of the 
Motion. 

So that Weights absolutely equall, but conjoyned with Velocity unequall, are 
of Force, Moment and Vertue unequall: and the more potent, the more swift, 
according to the proportion of the Velocity of the one, to the Velocity of the 
other. Of this we have a very pertinent example in the Balance or Stiliard of 
unequall Arms, at which Weights absolutely equall being suspended, they do not 
weigh down, and gravitate equally, but that which is at a greater distance from 
the Centre, about which the Beam moves, descends, raising the other, and the 
Motion of this which ascends is slow, and the other swift: and such is the Force 
and Vertue, which from the Velocity of the Mover, is conferred on the 
Moveable, which receives it, that it can exquisitely compensate, as much more 
Weight added to the other slower Moveable: so that if of the Arms of the 
Balance, one were ten times as long as the other, whereupon in the Beames 
moving about the Centre, the end of that would go ten times as far as the end of 
this, a Weight suspended at the greater distance, may sustain and poyse another 
ten times more grave absolutely than it: and that because the Stiliard moving, the 
lesser Weight shall move ten times faster than the bigger. It ought alwayes 
therefore to be understood, that Motions are according to the same Inclinations, 
namely, that if one of the Moveables move perpendicularly to the Horizon, then 
the other makes its Motion by the like Perpendicular; and if the Motion of one 
were to be made Horizontally; that then the other is made along the same 
Horizontal! plain: and in summe, alwayes both in like Inclinations. 


This proportion between the Gravity and Velocity is found in all Mechanicall 
Instruments: and is considered by Aristotle, as a Principle in his Mechanicall 
Questions; whereupon we also may take it for a true Assumption, That 


AXIOME III. 


Weights absolutely unequall, do alternately counterpoyse and become of equall 
Moments, as oft as their Gravities, with contrary proportion, answer to the 
Velocity of their Motions. 

That is to say, that by how much the one is less grave than the other, by so 
much is it in a constitution of moving more swiftly than that. 

Having prefatically explicated these things, we may begin to enquire, what 
Bodyes those are which totally submerge in Water, and go to the Bottom, and 
which those that by constraint float on the top, so that being thrust by violence 
under Water, they return to swim, with one part of their Mass visible above the 
Surface of the Water: and this we will do by considering the respective operation 
of the said Solids, and of Water: Which operation followes the Submersion and 
sinking; and this it is, That in the Submersion that the Solid maketh, being 
depressed downwards by its proper Gravity, it comes to drive away the water 
from the place where it successively subenters, and the water repulsed riseth and 
ascends above its first levell, to which Ascent on the other side it, as being a 
grave Body of its own nature, resists: And because the descending Solid more 
and more immerging, greater and greater quantity of Water ascends, till the 
whole Sollid be submerged; its necessary to compare the Moments of the 
Resistance of the water to Ascension, with the Moments of the pressive Gravity 
of the Solid: And if the Moments of the Resistance of the water, shall equalize 
the Moments of the Solid, before its totall Immersion’; in this case doubtless 
there shall be made an Equilibrium, nor shall the Body sink any farther. But if 
the Moment of the Solid, shall alwayes exceed the Moments wherewith the 
repulsed water successively makes Resistance’, that Solid shall not only wholly 
submerge under water, but shall descend to the Bottom. But if, lastly, in the 
instant of totall Submersion, the equality shall be made between the Moments of 
the prement Solid, and the resisting Water’; then shall rest, ensue, and the said 
Solid shall be able to rest indifferently, in whatsoever part of the water. By this 
time is manifest the necessity of comparing the Gravity of the water, and of the 
Solid’®; and this comparison might at first sight seem sufficient to conclude and 
determine which are the Solids that float a-top, and which those that sink to the 
Bottom in the water, asserting that those shall float which are lesse grave in 


specie than the water, and those submerge, which are in specie more grave. For 
it seems in appearance, that the Sollid in sinking continually, raiseth so much 
Water in Mass, as answers to the parts of its own Bulk submerged: whereupon it 
is impossible, that a Solid less grave in specie, than water, should wholly sink, as 
being unable to raise a weight greater than its own, and such would a Mass of 
water equall to its own Mass be. And likewise it seems necessary, that the graver 
Solids do go to the Bottom, as being of a Force more than sufficient for the 
raising a Masse of water, equall to its own, though inferiour in weight. 
Nevertheless the business succeeds otherwise: and though the Conclusions are 
true, yet are the Causes thus assigned deficient, nor is it true, that the Solid in 
submerging, raiseth and repulseth Masses of Water, equall to the parts of it self 
submerged; but the Water repulsed, is alwayes less than the parts of the Solid 
submerged": and so much the more by how much the Vessell in which the 
Water is contained is narrower: in such manner that it hinders not, but that a 
Solid may submerge all under Water, without raising so much Water in Mass, as 
would equall the tenth or twentieth part of its own Bulk: like as on the contrary, 
a very small quantity of Water, may raise a very great Solid Mass’*, though such 
Solid should weigh absolutely a hundred times as much, or more, than the said 
Water, if so be that the Matter of that same Solid be in specie less grave than the 
Water. And thus a great Beam, as suppose of a 1000 weight, may be raised and 
born afloat by Water, which weighs not 50: and this happens when the Moment 
of the Water is compensated by the Velocity of its Motion. 


S How the submersion of Solids in the Water, is effected. 
4 What Solids shall float on the Water. 

3 What Solids shall sinke to the botome. 

3 What Solids shall rest in all places of the Water. 

10 The Gravitie of the Water and Solid must be compared in all Problems, of Natation of Bodies. 
m The water repelled is ever less than the parts of the Sollid submerged. 


1 A small quantity of water, may float a very great Solid Mass. 


But because such things, propounded thus in abstract, are somewhat difficult 
to be comprehended, it would be good to demonstrate them by particular 
examples; and for facility of demonstration, we will suppose the Vessels in 


which we are to put the Water, and place the Solids, to be inviron’d and included 
with sides erected perpendicular to the Plane of the Horizon, and the Solid that is 
to be put into such vessell to be either a streight Cylinder, or else an upright 
Prisme. 


The which proposed and declared, I proceed to demonstrate the truth of what 
hath been hinted, forming the ensuing Theoreme. 


THEOREME I. 
The Proportion of the water raised to the Solid submerged. 


The Mass of the Water which ascends in the submerging of a Solid, Prisme or 
Cylinder, or that abaseth in taking it out, is less than the Mass of the said Solid, 
so depressed or advanced: and hath to it the same proportion, that the Surface of 
the Water circumfusing the Solid, hath to the same circumfused Surface, 
together with the Base of the Solid. 

Let the Vessell be A B C D, and in it the Water raised up to the Levell E F G, 
before the Solid Prisme H I K be therein immerged; but after that it is depressed 
under Water, let the Water be raised as high as the Levell L M, the Solid HI K 
shall then be all under Water, and the Mass of the elevated Water shall be L G, 
which is less than the Masse of the Solid depressed, namely of H I K, being 
equall to the only part E I K, which is contained under the first Levell E F G. 

Which is manifest, because if the Solid H I K be taken out, the Water I G shall 
return into the place occupied by the Mass E I K, where it was continuate before 
the submersion of the Prisme. And the Mass L G being equall to the Mass E K: 
adde thereto the Mass E N, and it shall be the whole Mass E M, composed of the 
parts of the Prisme E N, and of the Water N F, equall to the whole Solid H I K: 
And, therefore, the Mass L G shall have the same proportion to E M, as to the 
Mass H I K: But the Mass L G hath the same proportion to the Mass E M, as the 
Surface L M hath to the Surface M H: Therefore it is manifest, that the Mass of 
Water repulsed L G, is in proportion to the Mass of the Solid submerged H I K; 
as the Surface L M, namely, that of the Water ambient about the Sollid, to the 
whole Surface H M, compounded of the said ambient water, and the Base of the 
Prisme H N. But if we suppose the first Levell of the Water the according to the 
Surface H M, and the Prisme allready submerged H I K; and after to be taken 
out and raised to E A O, and the Water to be faln from the first Levell H L M as 
low as E F G; It is manifest, that the Prisme E A O being the same with H I K, its 


superiour part H O, shall be equall to the inferiour E I K: and remove the 
common part E N, and, consequently, the Mass of the Water L G is equall to the 
Mass H O; and, therefore, less than the Solid, which is without the Water, 
namely, the whole Prisme E A O, to which likewise, the said Mass of Water 
abated L G, hath the same proportion, that the Surface of the Waters 
circumfused L M hath to the same circumfused Surface, together with the Base 
of the Prisme A O: which hath the same demonstration with the former case 
above. 





And from hence is inferred, that the Mass of the Water, that riseth in the 
immersion of the Solid, or that ebbeth in elevating it, is not equall to all the Mass 
of the Solid, which is submerged or elevated, but to that part only, which in the 
immersion is under the first Levell of the Water, and in the elevation remaines 
above the first Levell: Which is that which was to be demonstrated. We will now 
pursue the things that remain. 

And first we will demonstrate that, 


THEOREME II. 
The proportion of the water abated, to the Solid raised. 


When in one of the above said Vessels, of what ever breadth, whether wide or 
narrow, there is placed such a Prisme or Cylinder, inviron’d with Water, if we 
elevate that Solid perpendicularly, the Water circumfused shall abate, and the 
Abatement of the Water, shall have the same proportion to the Elevation of the 
Prisme, as one of the Bases of the Prisme, hath to the Surface of the Water 
Circumfused. 





Imagine in the Vessell, as is aforesaid, the Prisme A C D B to be placed, and 
in the rest of the Space the Water to be diffused as far as the Levell E A: and 
raising the Solid, let it be transferred to G M, and let the Water be abased from E 
A to N O: I say, that the descent of the Water, measured by the Line A O, hath 
the same proportion to the rise of the Prisme, measured by the Line G A, as the 
Base of the Solid G H hath to the Surface of the Water N O. The which is 
manifest: because the Mass of the Solid G A B H, raised above the first Levell E 
A B, is equall to the Mass of Water that is abased E N O A. Therefore, E N O A 
and G A B H are two equall Prismes; for of equall Prismes, the Bases answer 
contrarily to their heights: Therefore, as the Altitude A O is to the Altitude A G, 
so is the Superficies or Base G H to the Surface of the Water N O. If therefore, 
for example, a Pillar were erected in a waste Pond full of Water, or else in a 
Well, capable of little more then the Mass of the said Pillar, in elevating the said 
Pillar, and taking it out of the Water, according as it riseth, the Water that 
invirons it will gradually abate, and the abasement of the Water at the instant of 
lifting out the Pillar, shall have the same proportion, that the thickness of the 
Pillar hath to the excess of the breadth of the said Pond or Well, above the 
thickness of the said Pillar: so that if the breadth of the Well were an eighth part 
larger than the thickness of the Pillar, and the breadth of the Pond twenty five 
times as great as the said thickness, in the Pillars ascending one foot, the water in 
the Well shall descend seven foot, and that in the Pond only 1/25 of a foot. 

Why a Solid less grave in specie than water, stayeth not under water, in very 

small depths: 


This Demonstrated, it will not be difficult to show the true cause, how it comes 
to pass, that, 


THEOREME III. 


A Prisme or regular Cylinder, of a substance specifically less grave than Water, 
if it should be totally submerged in Water, stayes not underneath, but riseth, 
though the Water circumfused be very little, and in absolute Gravity, never so 
much inferiour to the Gravity of the said Prisme. 

Let then the Prisme A E F B, be put into the Vessell C D F B, the same being 
less grave in specie than the Water: and let the Water infused rise to the height of 
the Prisme: I say, that the Prisme left at liberty, it shall rise, being born up by the 
Water circumfused C D E A. For the Water C E being specifically more grave 
than the Solid A F, the absolute weight of the water C E, shall have greater 
proportion to the absolute weight of the Prisme A F, than the Mass C E hath to 
the Mass A F (in regard the Mass hath the same proportion to the Mass, that the 
weight absolute hath to the weight absolute, in case the Masses are of the same 
Gravity in specie.) But the Mass C E is to the Mass A F, as the Surface of the 
water A C, is to the Superficies, or Base of the Prisme A B; which is the same 
proportion as the ascent of the Prisme when it riseth, hath to the descent of the 
Water circumfused C E. 





Therefore, the absolute Gravity of the water C E, hath greater proportion to 
the absolute Gravity of the Prisme A F; than the Ascent of the Prisme A F, hath 
to the descent of the said water C E. The Moment, therefore, compounded of the 
absolute Gravity of the water C E, and of the Velocity of its descent, whilst it 
forceably repulseth and raiseth the Solid A F, is greater than the Moment 
compounded of the absolute Gravity of the Prisme A F, and of the Tardity of its 
ascent, with which Moment it contrasts and resists the repulse and violence done 
it by the Moment of the water: Therefore, the Prisme shall be raised. 


The Proportion according to which the Submersion & 


Natation of Solids is made. | 


It followes, now, that we proceed forward to demonstrate more particularly, how 
much such Solids shall be inferiour in Gravity to the water elevated; namely, 


1 a a ec. 1 11 a 1 F 1 1 a 1 11 1 < sT T 1 


wnat part of them snau rest submerged, and wnat Shall De visiDle above tne 
Surface of the water: but first it is necessary to demonstrate the subsequent 
Lemma. 


LEMMA I. 


The absolute Gravity of Solids, are in a proportion compounded of their 
Specifick Gravities, and of their Masses. 


The absolute Gravities of Solids, have a proportion compounded of the 
proportions of their specificall Gravities, and of their Masses. 
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Let A and B be two Solids. I say, that the Absolute Gravity of A, hath to the 
Absolute Gravity of B, a proportion compounded of the proportions of the 
specificall Gravity of A, to the Specificall Gravity of B, and of the Mass A to the 
Mass B. Let the Line D have the same proportion to E, that the specifick Gravity 
of A, hath to the specifick Gravity of B; and let E be to F, as the Mass A to the 
Mass B: It is manifest, that the proportion of D to F, is compounded of the 
proportions D and E; and E and F. It is requisite, therefore, to demonstrate, that 
as D is to F, so the absolute Gravity of A, is to the absolute Gravity of B. Take 
the Solid C, equall in Mass to the Solid A, and of the same Gravity in specie 
with the Solid B. 

Because, therefore, A and C are equall in Mass, the absolute Gravity of A, 
shall have to the absolute Gravity of C, the same proportion, as the specificall 
Gravity of A, hath to the specificall Gravity of C, or of B, which is the same in 
specie; that is, as D is to E. And, because, C and B are of the same Gravity in 
specie, it shall be, that as the absolute weight of C, is to the absolute weight of B, 
so the Mass C, or the Mass A, is to the Mass B; that is, as the Line E to the Line 
F. As therefore, the absolute Gravity of A, is to the absolute Gravity of C, so is 
the Line D to the Line E: and, as the absolute Gravity of C, is to the absolute 
Gravity of B, so is the Line E to the Line F: Therefore, by Equality of 
proportion, the absolute Gravity of A, is to the absolute Gravity of B, as the Line 


D to the Line F: which was to be demonstrated. I proceed now to demonstrate, 
how that, 


THEOREME IV. 
The proportion of water requisite to make a Solid swim: 


If a Solid, Cylinder, or Prisme, lesse grave specifically than the Water, being put 
into a Vessel, as above, of whatsoever greatnesse, and the Water, be afterwards 
infused, the Solid shall rest in the bottom, unraised, till the Water arrive to that 
part of the Altitude, of the said Prisme, to which its whole Altitude hath the same 
proportion, that the Specificall Gravity of the Water, hath to the Specificall 
Gravity of the said Solid: but infusing more Water, the Solid shall ascend. 





Let the Vessell be M L G N of any bigness, and let there be placed in it the Solid 
Prisme D F G E, less grave in specie than the water; and look what proportion 
the Specificall Gravity of the water, hath to that of the Prisme, such let the 
Altitude D F, have to the Altitude F B. I say, that infusing water to the Altitude F 
B, the Solid D G shall not float, but shall stand in Equilibrium, so, that that every 
little quantity of water, that is infused, shall raise it. Let the water, therefore, be 
infused to the Levell A B C; and; because the Specifick Gravity of the Solid D 
G, is to the Specifick Gravity of the water, as the altitude B F is to the altitude F 
D; that is, as the Mass B G to the Mass G D; as the proportion of the Mass B G 
is to the Mass G D, as the proportion of the Mass G D is to the Mass A F, they 
compose the Proportion of the Mass B G to the Mass A F. Therefore, the Mass B 
G is to the Mass A F, in a proportion compounded of the proportions of the 
Specifick Gravity of the Solid G D, to the Specifick Gravity of the water, and of 
the Mass G D to the Mass A F: But the same proportions of the Specifick 
Gravity of G D, to the Specifick Gravity of the water, and of the Mass G D to the 
Mass A F, do also by the precedent Lemma, compound the proportion of the 
absolute Gravity of the Solid D G, to the absolute Gravity of the Mass of the 


water A F: Therefore, as the Mass B G is to the Mass A F, so is the Absolute 
Gravity of the Solid D G, to the Absolute Gravity of the Mass of the water A F. 
But as the Mass B G is to the Mass A F; so is the Base of the Prisme D E, to the 
Surface of the water A B; and so is the descent of the water A B, to the Elevation 
of the Prisme D G; Therefore, the descent of the water is to the elevation of the 
Prisme, as the absolute Gravity of the Prisme, is to the absolute Gravity of the 
water: Therefore, the Moment resulting from the absolute Gravity of the water A 
F, and the Velocity of the Motion of declination, with which Moment it forceth 
the Prisme D G, to rise and ascend, is equall to the Moment that results from the 
absolute Gravity of the Prisme D G, and from the Velocity of the Motion, 
wherewith being raised, it would ascend: with which Moment it resists its being 
raised: because, therefore, such Moments are equall, there shall be an 
Equilibrium between the water and the Solid. And, it is manifest, that putting a 
little more water unto the other A F, it will increase the Gravity and Moment, 
whereupon the Prisme D G, shall be overcome, and elevated till that the only 
part B F remaines submerged. Which is that that was to be demonstrated. 


COROLLARY I. 


How far Solids less grave in specie than water, do submerge. 


By what hath been demonstrated, it is manifest, that Solids less grave in specie 
than the water, submerge only so far, that as much water in Mass, as is the part 
of the Solid submerged, doth weigh absolutely as much as the whole Solid. 


For, it being supposed, that the Specificall Gravity of the water, is to the 
Specificall Gravity of the Prisme D G, as the Altitude D F, is to the Altitude F B; 
that is, as the Solid D G is to the Solid B G; we might easily demonstrate, that as 
much water in Mass as is equall to the Solid B G, doth weigh absolutely as much 
as the whole Solid D G; For, by the Lemma foregoing, the Absolute Gravity of a 
Mass of water, equall to the Mass B G, hath to the Absolute Gravity of the 
Prisme D G, a proportion compounded of the proportions, of the Mass B G to 
the Mass G D, and of the Specifick Gravit{y} of the water, to the Specifick 
Gravity of the Prisme: But the Gravity in specie of the water, to the Gravity in 
specie of the Prisme, is supposed to be as the Mass G D to the Mass G B. 
Therefore, the Absolute Gravity of a Mass of water, equall to the Mass B G, is to 
the Absolute Gravity of the Solid D G, in a proportion compounded of the 
proportions, of the Mass B G to the Mass G D, and of the Mass D G to the Mass 


G B; which is a proportion of equalitie. The Absolute Gravity, therefore, of a 
Mass of Water equall to the part of the Mass of the Prisme B G, is equall to the 
Absolute Gravity of the whole Solid D G. 


COROLLARY IL. 


A Rule to equilibrate Solids in the water. 


It followes, moreover, that a Solid less grave than the water, being put into a 
Vessell of any imaginable greatness, and water being circumfused about it to 
such a height, that as much water in Mass, as is the part of the Solid submerged, 
do weigh absolutely as much as the whole Solid; it shall by that water be justly 
sustained, be the circumfused Water in quantity greater or lesser. 






For, if the Cylinder or Prisme M, less grave than the water, v. gra. 

in Subsequiteriall proportion, shall be put into the capacious Vessell A B C D, 
and the water raised about it, to three quarters of its height, namely, to its Levell 
A D: it shall be sustained and exactly poysed in Equilibrium. The same will 
happen; if the Vessell E N S F were very small, so, that between the Vessell and 
the Solid M, there were but a very narrow space, and only capable of so much 
water, as the hundredth part of the Mass M, by which it should be likewise 
raised and erected, as before it had been elevated to three fourths of the height of 
the Solid: which to many at the first sight, may seem a notable Paradox, and 
beget a conceit, that the Demonstration of these effects, were sophisticall and 
fallacious: but, for those who so repute it, the Experiment is a means that may 
fully satisfie them. But he that shall but comprehend of what Importance 
Velocity of Motion is, and how it exactly compensates the defect and want of 
Gravity, will cease to wonder, in considering that at the elevation of the Solid M, 
the great Mass of water A B C D abateth very little, but the little Mass of water 
E N S F decreaseth very much, and in an instant, as the Solid M before did rise, 
howbeit for a very short space: Whereupon the Moment, compounded of the 
small Absolute Gravity of the water E N S F, and of its great Velocity in ebbing, 
equalizeth the Force and and Moment, that results from the composition of the 
immense Gravity of the water A B C D, with its great slownesse of ebbing; since 
that in the Elevation of the Sollid M, the abasement of the lesser water E S, is 


performed just so much more swiftly than the great Mass of water A C, as this is 
more in Mass than that which we thus demonstrate. 


The proportion according to which water riseth and falls in different Vessels at 
the Immersion and Elevation of Solids. 


In the rising of the Solid M, its elevation hath the same proportion to the 
circumfused water E N S F, that the Surface of the said water, hath to the 
Superficies or Base of the said Solid M; which Base hath the same proportion to 
the Surface of the water A D, that the abasement or ebbing of the water A C, 
hath to the rise or elevation of the said Solid M. Therefore, by Perturbation of 
proportion, in the ascent of the said Solid M, the abasement of the water A B C 
D, to the abasement of the water E N S F, hath the same proportion, that the 
Surface of the water E F, hath to the Surface of the water A D; that is, that the 
whole Mass of the water E N S F, hath to the whole Mass A B C D, being 
equally high: It is manifest, therefore, that in the expulsion and elevation of the 
Solid M, the water E N S F shall exceed in Velocity of Motion the water A B C 
D, asmuch as it on the other side is exceeded by that in quantity: whereupon 
their Moments in such operations, are mutually equall. 
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And, for ampler confirmation, and clearer explication of this, let us consider 
the present Figure, (which if I be not deceived, may serve to detect the errors of 
some Practick Mechanitians who upon a false foundation some times attempt 
impossible enterprizes,) in which, unto the large Vessell E I D F, the narrow 
Funnell or Pipe I C A B is continued, and suppose water infused into them, unto 
the Levell L G H, which water shall rest in this position, not without admiration 
in some, who cannot conceive how it can be, that the heavie charge of the great 
Mass of water G D, pressing downwards, should not elevate and repulse the 
little quantity of the other, contained in the Funnell or Pipe C L, by which the 
descent of it is resisted and hindered: But such wonder shall cease, if we begin 
to suppose the water G D to be abased only to Q D, and shall afterwards 
consider, what the water C L hath done, which to give place to the other, which 
is descended from the Levell G H, to the Levell Q O, shall of necessity have 
ascended in the same time, from the Levell L unto A B. And the ascent L B, shall 
be so much greater than the descent G Q, by how much the breadth of the 


Vessell G D, is greater than that of the Funnell I C; which, in summe, is as much 
as the water G D, is more than the water L C: but in regard that the Moment of 
the Velocity of the Motion, in one Moveable, compensates that of the Gravity of 
another what wonder is it, if the swift ascent of the lesser Water C L, shall resist 
the slow descent of the greater G D? 


The same, therefore, happens in this operation, as in rhe Stilliard, in which a 
weight of two pounds counterpoyseth an other of 200, asoften as that shall move 
in the same time, a space 100 times greater than this: which falleth out when one 

Arme of the Beam is an hundred times as long as the other. Let the erroneous 

opinion of those therefore cease, who hold that a Ship is better, and easier born 
up in a great abundance of water, then in a lesser quantity’’, (this was believed by 
Aristotle in his Problems, Sect. 23, Probl. 2.) it being on the contrary true, that 
its possible, that a Ship may as well float in ten Tun of water, as in an Ocean. 


1 A ship flotes as well in ten Tun of Water as in an Ocean. 
A Solid specifiaclly graver than the water, cannot be born up by any quantity of 
it. 


But following our matter, I say, that by what hath been hitherto demonstrated, 
we may understand how, that 

COROLLARY III. 

One of the above named Solids, when more grave in specie than the water, 
can never be sustained, by any whatever quantity of it. 

For having seen how that the Moment wherewith such a Solid, as grave in 
specie as the water, contrasts with the Moment of any Mass of water whatsoever, 
is able to retain it, even to its totall Submersion, without its ever ascending; it 
remaineth, manifest, that the water is far less able to raise it up, when it exceeds 
the same in specie: so, that though you infuse water till its totall Submersion, it 
shall still stay at the Bottome, and with such Gravity, and Resistance to 
Elevation, as is the excess of its Absolute Gravity, above the Absolute Gravity of 
a Mass equall to it, made of water, or of a Matter in specie equally grave with 
the water: and, though you should moreover adde never so much water above the 
Levell of that which equalizeth the Altitude of the Solid, it shall not, for all that, 
encrease the Pression, or Gravitation, of the parts circumfused about the said 
Solid, by which greater pression, it might come to be repulsed; because, the 
Resistance is not made, but only by those parts of the water, which at the Motion 


of the said Solid do also move, and these are those only, which are 
comprehended by the two Superficies equidistant to the Horizon, and their 
parallels, that comprehend the Altitude of the Solid immerged in the water. 

I conceive, I have by this time sufficiently declared and opened the way to the 
contemplation of the true, intrinsecall and proper Causes of diverse Motions, and 
of the Rest of many Solid Bodies in diverse Mediums, and particularly in the 
water, shewing how all in effect, depend on the mutuall excesses of the Gravity 
of the Moveables and of the Mediums: and, that which did highly import, 
removing the Objection, which peradventure would have begotten much 
doubting, and scruple in some, about the verity of my Conclusion, namely, how 
that notwithstanding, that the excess of the Gravity of the water, above the 
Gravity of the Solid, demitted into it, be the cause of its floating and rising from 
the Bottom to the Surface, yet a quantity of water, that weighs not ten pounds, 
can raise a Solid that weighs above 100 pounds: in that we have demonstrated, 
That it sufficeth, that such difference be found between the Specificall Gravities 
of the Mediums and Moveables, let the particular and absolute Gravities be what 
they will: insomuch, that a Solid, provided that it be Specifically less grave than 
the water, although its absolute weight were 1000 pounds, yet may it be born up 
and elevated by ten pounds of water, and less: and on the contrary, another 
Solid, so that it be Specifically more grave than the water, though in absolute 
Gravity it were not above a pound, yet all the water in the Sea, cannot raise it 
from the Bottom, or float it. This sufficeth me, for my present occasion, to have, 
by the above declared Examples, discovered and demonstrated, without 
extending such matters farther, and, as I might have done, into a long Treatise: 
yea, but that there was a necessity of resolving the above proposed doubt, I 
should have contented my self with that only, which is demonstrated by 
Archimedes, in his first Book De Insidentibus humido"*: where in generall termes 
he infers and confirms the same Conclusions, namely, that Solids (a) less grave 
than water, swim or float upon it, the (b) more grave go to the Bottom, and the 
(c) 

equally grave rest indifferently in all places, yea, though they should be 
wholly under water. 


m Of Natation (a) Lib. 1, Prop. 4. (b) Id. Lib. 1. Prop. 
3. (c) Id. Lib. 1. Prop. 3. 


The Authors defence of Archimedes his Doctrine, against the oppositions of 
Buonamico. 


But, because that this Doctrine of Archimedes, perused, transcribed and 
examined by Signor Francesco Buonamico, in his fifth Book of Motion, Chap. 
29, and afterwards by him confuted, might by the Authority of so renowned, and 
famous a Philosopher, be rendered dubious, and suspected of falsity; I have 
judged it necessary to defend it, if I am able so to do, and to clear Archimedes, 
from those censures, with which he appeareth to be charged. Buonamico 
rejecteth the Doctrine of Archimedes, first, as not consentaneous with the 
Opinion of Aristotle, adding, that it was a strange thing to him, that the Water 
should exceed the Earth in Gravity’®, seeing on the contrary, that the Gravity of 
water, increaseth, by means of the participation of Earth. And he subjoyns 
presently after”, that he was not satisfied with the Reasons of Archimedes, as not 
being able with that Doctrine, to assign the cause whence it comes, that a Boat 
and a Vessell, which otherwise, floats above the water, doth sink to the Bottom, 
if once it be filled with water; that by reason of the equality of Gravity, between 
the water within it, and the other water without, it should stay a top; but yet, 
nevertheless, we see it to go to the Bottom. 


1> His first Objection against the Doctrine of Archimedes. 


16 His Second Objection. 


m His third Objection. 

He farther addes'®, that Aristotle had clearly confuted the Ancients, who said, 
that light Bodies moved upwards”, driven by the impulse of the more grave 
Ambient: which if it were so, it should seem of necessity to follow, that all 
naturall Bodies are by nature heavy, and none light: For that the same would 
befall the Fire and Air, if put in the Bottom of the water. And, howbeit, Aristotle 
grants a Pulsion in the Elements, by which the Earth is reduced into a Sphericall 
Figure, yet nevertheless, in his judgement; it is not such that it can remove grave 
Bodies from their naturall places, but rather, that it send them toward the Centre, 
to which (as he somewhat obscurely continues to say,) the water principally 
moves, if it in the interim meet not with something that resists it, and, by its 
Gravity, thrusts it out of its place: in which case, if it cannot directly, yet at least 
as well as it can, it tends to the Centre: but it happens, that light Bodies by such 
Impulsion, do all ascend upward: but this properly they have by nature, as also, 
that other of swimming. He concludes, lastly”, that he concurs with Archimedes 
in his Conclusions; but not in the Causes, which he would referre to the facile 
and difficult Separation of the Medium, and to the predominance of the 


Elements, so that when the Moveable superates the power of the Medium; as for 
example, Lead doth the Continuity of water, it shall move thorow it, else not. 


18 His fourth Objection. 


= The Ancients denyed Absolute Levity. 


en The causes of Natation & Submersion, according to the Peripateticks. 

This is all that I have been able to collect, as produced against Archimedes by 
Signor Buonamico: who hath not well observed the Principles and Suppositions 
of Archimedes; which yet must be false, if the Doctrine be false, which depends 
upon them; but is contented to alledge therein some Inconveniences, and some 
Repugnances to the Doctrine and Opinion of Aristotle. In answer to which 
Objections, I say, first”, That the being of Archimedes Doctrine, simply different 
from the Doctrine of Aristotle, ought not to move any to suspect it, there being 
no cause, why the Authority of this should be preferred to the Authority of the 
other: but, because, where the decrees of Nature are indifferently exposed to the 
intellectuall eyes of each, the Authority of the one and the other, loseth all 
a{u}thenticalness of Perswasion, the absolute power residing in Reason; 
therefore I pass to that which he alledgeth in the second place”, as an absurd 
consequent of the Doctrine of Archimedes, namely, That water should be more 
grave than Earth. But I really find not, that ever Archimedes said such a thing, or 
that it can be rationally deduced from his Conclusions: and if that were manifest 
unto me, I verily believe, I should renounce his Doctrine, as most erroneous. 
Perhaps this Deduction of Buonamico, is founded upon that which he citeth of 
the Vessel, which swims as long as its voyd of water, but once full it sinks to the 
Bottom, and understanding it of a Vessel of Earth, he infers against Archimedes 
thus: Thou sayst that the Solids which swim, are less grave than water: this 
Vessell swimmeth: therefore, this Vessell is lesse grave than water. If this be the 
Illation. I easily answer, granting that this Vessell is lesse grave than water, and 
denying the other consequence, namely, that Earth is less Grave than Water. The 
Vessel that swims occupieth in the water, not only a place equall to the Mass of 
the Earth, of which it is formed; but equall to the Earth and to the Air together, 
contained in its concavity. And, if such a Mass compounded of Earth and Air, 
shall be less grave than such another quantity of water, it shall swim, and shall 
accord with the Doctrine of Archimedes; but if, again, removing the Air, the 
Vessell shall be filled with water, so that the Solid put in the water, be nothing 
but Earth, nor occupieth other place, than that which is only possest by Earth, it 


shall then go to the Bottom, by reason that the Earth is heavier than the water: 
and this corresponds well with the meaning of Archimedes. See the same effect 
illustrated, with such another Experiment, In pressing a Viall Glass to the 
Bottom of the water, when it is full of Air, it will meet with great resistance, 
because it is not the Glass alone, that is pressed under water, but together with 
the Glass a great Mass of Air, and such, that if you should take as much water, as 
the Mass of the Glass, and of the Air contained in it, you would have a weight 
much greater than that of the Viall, and of its Air: and, therefore, it will not 
submerge without great violence: but if we demit only the Glass into the water, 
which shall be when you shall fill the Glass with water, then shall the Glass 
descend to the Bottom; as superiour in Gravity to the water. 


al The Authors answer to the first Objection. 


= The Authors answer to the second Objection. 


Returning, therefore, to our first purpose; I say, that Earth is more grave than 
water, and that therefore, a Solid of Earth goeth to the bottom of it; but one may 
possibly make a composition of Earth and Air, which shall be less grave than a 
like Mass of Water; and this shall swim: and yet both this and the other 
experiment shall very well accord with the Doctrine of Archimedes. But because 
that in my judgment it hath nothing of difficulty in it, I will not positively 
affirme that Signor Buonamico, would by such a discourse object unto 
Archimedes the absurdity of inferring by his doctrine, that Earth was less grave 
than Water, though I know not how to conceive what other accident he could 
have induced thence. 

Perhaps such a Probleme (in my judgement false) was read by Signor 
Buonamico in some other Author, by whom peradventure it was attributed as a 
singular propertie, of some particular Water, and so comes now to be used with a 
double errour in confutation of Archimedes, since he saith no such thing, nor by 
him that did say it was it meant of the common Element of Water. 


The Authors answer to the third Objection. 


The third difficulty in the doctrine of Archimedes was, that he could not render a 
reason whence it arose, that a piece of Wood, and a Vessell of Wood, which 
otherwise floats, goeth to the bottom, if filled with Water. Signor Buonamico 
hath supposed that a Vessell of Wood, and of Wood that by nature swims, as 
before is said, goes to the bottom, if it be filled with water; of which he in the 


following Chapter, which is the 30 of the fifth Book copiously discourseth: but I 
(speaking alwayes without diminution of his singular Learning) dare in defence 
of Archimedes deny this experiment, being certain that a piece of Wood which 
by its nature sinks not in Water, shall not sinke though it be turned and converted 
into the forme of any Vessell whatsoever, and then filled with Water: and he that 
would readily see the Experiment in some other tractable Matter, and that is 
easily reduced into several Figures, may take pure Wax, and making it first into 
a Ball or other solid Figure, let him adde to it so much Lead as shall just carry it 
to the bottome, so that being a graine less it could not be able to sinke it, and 
making it afterwards into the forme of a Dish, and filling it with Water, he shall 
finde that without the said Lead it shall not sinke, and that with the Lead it shall 
descend with much slowness: & in short he shall satisfie himself, that the Water 
included makes no alteration. I say not all this while, but that its possible of 
Wood to make Barkes, which being filled with water, sinke; but that proceeds 
not through its Gravity, encreased by the Water, but rather from the Nailes and 
other Iron Workes, so that it no longer hath a Body less grave than Water, but 
one mixt of Iron and Wood, more grave than a like Masse of Water. Therefore 
let Signor Buonamico desist from desiring a reason of an effect, that is not in 
nature: yea if the sinking of the Woodden Vessell when its full of Water, may 
call in question the Doctrine of Archimedes, which he would not have you to 
follow, is on the contrary consonant and agreeable to the Doctrine of the 
Peripateticks, since it aptly assignes a reason why such a Vessell must, when its 
full of Water, descend to the bottom; converting the Argument the other way, we 
may with safety say that the Doctrine of Archimedes is true, since it aptly 
agreeth with true experiments, and question the other, whose Deductions are 
fastened upon erroneouss Conclusions. As for the other point hinted in this same 
Instance, where it seemes that Benonamico understands the same not only of a 
piece of wood, shaped in the forme of a Vessell, but also of massie Wood, which 
filled, scilicet, as I believe, he would say, soaked and steeped in Water, goes 
finally to the bottom that happens in some porose Woods, which, while their 
Porosity is replenished with Air, or other Matter less grave than Water, are 
Masses specificially less grave than the said Water, like as is that Viall of Glass 
whilest it is full of Air: but when, such light Matter departing, there succeedeth 
Water into the same Porosities and Cavities, there results a compound of Water 
and Glass more grave than a like Mass of Water: but the excess of its Gravity 
consists in the Matter of the Glass, and not in the Water, which cannot be graver 
than it self: so that which remaines of the Wood, the Air of its Cavities 
departing, if it shall be more grave in specie than Water, fil but its Porosities 


with Water, and you shall have a Compost of Water and of Wood more grave 
than Water, but not by vertue of the Water received into and imbibed by the 
Porosities, but of that Matter of the Wood which remains when the Air is 
departed: and being such it shall, according to the Doctrine of Archimedes, goe 
to the bottom, like as before, according to the same Doctrine it did swim. 


The Authors answer to the fourth Objection. 


As to that finally which presents itself in the fourth place, namely, that the 
Ancients have been heretofore confuted by Aristotle, who denying Positive and 
Absolute Levity, and truely esteeming all Bodies to be grave, said, that that 
which moved upward was driven by the circumambient Air, and therefore that 
also the Doctrine of Archimedes, as an adherent to such an Opinion was 
convicted and confuted: I answer first, that Signor Buonamico in my judgement 
hath imposed upon Archimedes, and deduced from his words more than ever he 
intended by them, or may from his Propositions be collected, in regard that 
Archimedes neither denies, nor admitteth Positive Levity, nor doth he so much as 
mention it: so that much less ought Buonamico to inferre, that he hath denyed 
that it might be the Cause and Principle of the Ascension of Fire, and other Light 
Bodies”: having but only demonstrated, that Solid Bodies more grave than 
Water descend in it, according to the excess of their Gravity above the Gravity 
of that, he demonstrates likewise, how the less grave ascend in the same Water”, 
accordng to its excess of Gravity, above the Gravity of them. So that the most 
that can be gathered from the Demonstration of Archimedes is, that like as the 
excess of the Gravity of the Moveable above the Gravity of the Water, is the 
Cause that it descends therein, so the excess of the Gravity of the water above 
that of the Moveable, is a sufficient Cause why it descends not, but rather 
betakes it self to swim: not enquiring whether of moving upwards there is, or is 
not any other Cause contrary to Gravity: nor doth Archimedes discourse less 
properly than if one should say: If the South Winde shall assault the Barke with 
greater Impetus than is the violence with which the Streame of the River carries 
it towards the South, the motion of it shall be towards the North: but if the 
Impetus of the Water shall overcome that of the Winde, its motion shall be 
towards the South. The discourse is excellent and would be unworthily 
contradicted by such as should oppose it, saying: Thou mis-alledgest as Cause of 
the motion of the Bark towards the South, the Impetus of the Stream of the 
Water above that of the South Winde; mis-alledgest I say, for it is the Force of 
the North Winde opposite to the South, that is able to drive the Bark towards the 


South. Such an Objection would be superfluous, because he which alledgeth for 
Cause of the Motion the Stream of the Water, denies not but that the Winde 
opposite to the South may do the same, but only affirmeth that the force of the 
Water prevailing over the South Wind, the Bark shall move towards the South: 
and saith no more than is true. 

And just thus when Archimedes saith, that the Gravity of the Water prevailing 
over that by which the moveable descends to the Bottom, such moveable shall be 
raised from the Bottom to the Surface alledgeth a very true Cause of such an 
Accident, nor doth he affirm or deny that there is, or is not, a vertue contrary to 
Gravity, called by some Levity, that hath also a power of moving some Matters 
upwards. Let therefore the Weapons of Signor Buonamico be directed against 
Plato*’, and other Ancients, who totally denying Levity, and taking all Bodies to 
be grave, say that the Motion upwards is made, not from an intrinsecal Principle 
of the Moveable, but only by the Impulse of the Medium; and let Archimedes 
and his Doctrine escape him, since he hath given him no Cause of quarelling 
with him. But if this Apologie, produced in defence of Archimedes, should seem 
to some insufficient to free him from the Objections and Arguments, produced 
by Aristotle against Plato, and the other Ancients, as if they did also fight against 
Archimedes, alledging the Impulse of the Water as the Cause of the swimming of 
some Bodies less grave than it, I would not question, but that I should be able 
to maintaine the Doctrine of Plato and those others to be most true, who 
absolutely deny Levity, and affirm no other Intrinsecal Principle of Motion to be 
in Elementary Bodies save only that towards the Centre of the Earth”, nor no 
other Cause of moving upwards, speaking of that which hath the resemblance of 
natural Motion, but only the repulse of the Medium, fluid, and exceeding the 
Gravity of the Moveable’: and as to the Reasons of Aristotle on the contrary, I 
believe that I could be able fully to answer them, and I would assay to do it, if it 
were absolutely necessary to the present Matter, or were it not too long a 
Digression for this short Treatise. I will only say, that if there were in some of 
our Ellementary Bodies an Intrinsecall Principle and Naturall Inclination to shun 
the Centre of the Earth, and to move towards the Concave of the Moon, such 
Bodies, without doubt, would more swiftly ascend through those Mediums that 
least oppose the Velocity of the Moveable, and these are the more tenuous and 
subtle; as is, for example, the Air in comparison of the Water, we daily proving 
that we can with farre more expeditious Velocity move a Hand or a Board to and 
again in one than in the other”: nevertheless, we never could finde any Body, 
that did not ascend much more swiftly in the water than in the Air. Yea of 
Bodies which we see continually to ascend in the Water, there is none that 


having arrived to the confines of the Air, do not wholly lose their Motion*°; even 
the Air it self, which rising with great Celerity through the Water, being once 
come to its Region it loseth all 


23 Of Natation, Lib. 1. Prop. 7. 
24 ; ; 
Of Natation, Lib. 1. Prop. 4. 
25 ae í 
Plato denyeth Positive Levity. 
26 The Authors defence of the doctrine of Plato and the Ancients, who absolutely deny Levity: 
al According to Plato there is no Principle of the Motion, of descent in Naturall Bodies, save that to the Centre. 
e No cause of the motion of Ascent, save the Impulse of the Medium, exceeding the Moveable in Gravitie. 


29 . : i . . 
Bodies ascend much swifter in the Water, than in the Air. 


30 All Bodies ascending through Water, lose their Motion, comming to the confines of the Air. 


The lighter Bodies ascend more swiftly through Water. 


And, howbeit, Experience shewes, that the Bodies, successively less grave, do 
most expeditiously ascend in water, it cannot be doubted, but that the Ignean 
Exhalations do ascend more swiftly through the water, than doth the Air: which 
Air is seen by Experience to ascend more swiftly through the Water, than the 
Fiery Exhalations through the Air*': Therefore, we must of necessity conclude, 
that the said Exhalations do much more expeditiously ascend through the Water, 
than through the Air; and that, consequently, they are moved by the Impulse of 
the Ambient Medium, and not by an intrinsick Principle that is in them, of 
avoiding the Centre of the Earth; to which other grave Bodies tend. 


21 Fiery Exhalations ascend thorow the Water more swiftly than doth the Air; & the Air ascends more swiftly thorow the Water, than 
Fire thorow the Air. 


The Authors confutation of the Peripateticks Causes of Natation & Submersion. 


To that which for a finall conclusion, Signor Buonamico produceth of going 
about to reduce the descending or not descending, to the easie and uneasie 
Division of the Medium, and to the predominancy of the Elements: I answer, as 
to the first part, that that cannot in any manner be admitted as a Cause, being that 


in none of the Fluid Mediums, as the Air, the Water, and other Liquids, there is 
any Resistance against Division”, but all by every the least Force, are divided 
and penetrated, as I will anon demonstrate: so, that of such Resistance of 
Division there can be no Acct, since it self is not in being. As to the other part, I 
say, that the predominancy of the Elements in Moveables*’, is to be considered, 
as far as to the excesse or defect of Gravity, in relation to the Medium: for in that 
Action, the Elements operate not, but only, so far as they are grave or light: 
therefore, to say that the Wood of the Firre sinks not, because Air predominateth 
in it, is no more than to say, because it is less grave than the Water. Yea, even 
the immediate Cause, is its being less grave than the Water**: and it being under 
the predominancy of the Air, is the Cause of its less Gravity: Therefore, he that 
alledgeth the predominancy of the Element for a Cause, brings the Cause of the 
Cause, and not the neerest and immediate Cause. Now, who knows not that the 
true Cause is the immediate, and not the mediate’? Moreover, he that alledgeth 
Gravity, brings a Cause most perspicuous to Sence”: The cause we may very 
easily assertain our selves; whether Ebony, for example, and Firre, be more or 
less grave than water: but whether Earth or Air predominates in them, who shall 
make that manifest? 

Certainly, no Experiment can better do it than to observe whether they swim 
or sink. So, that he who knows, not whether such a Solid swims, unless when he 
knows that Air predominates in it, knows not whether it swim, unless he sees it 
swim, for then he knows that it swims, when he knows that it is Air that 
predominates, but knows not that Air hath the predominance, unless he sees it 
swim: therefore, he knows not if it swims, till such time as he hath seen it swim. 


Water & other fluids void of Resistance against Division. 


33 : ; : : : : le th 
The predominancy of Elements in Moveables to be considered only in relation to their excess or defect of Gravity in reference to 


the Medium. 


34 : i ar : 
The immediate Cause of Natation is that the Moveable is less grave than the Water. 


3s The Peripateticks alledge for the reason of Natation the Cause of the Cause. 


36 F . 
Gravity a Cause most perspicuous to sence. 


Let us not then despise those Hints, though very dark, which Reason, after 
some contemplation, offereth to our Intelligence, and lets be content to be taught 
by Archimedes, that then any Body shall submerge in water”, when it shall be 
specifically more grave than it, and that if it shall be less grave”, it shall of 


necessity swim, and that it will rest indifferently in any place under water, if its 
Gravity be perfectly like to that of the water. 


et Lib 1. of Natation Prop. 7 
38 Id. Lib. 1. Prop. 4. 


These things explained and proved*’, I come to consider that which offers it 
self, touching what the Diversity of figure given unto the said Moveable hath to 
do with these Motions and Rests; and proceed to affirme, that, 


33 Id. Lib 1. Prop. 3. 
THEOREME V. 
Diversity of Figure no Cause of its absolute Natation or Submersion. 


The diversity of Figures given to this or that Solid, cannot any way be a Cause of 
its absolute Sinking or Swimming. 

So that if a Solid being formed, for example, into a Sphericall Figure, doth 
sink or swim in the water, I say, that being formed into any other Figure, the 
same figure in the same water, shall sink or swim: nor can such its Motion by the 
Expansion or by other mutation of Figure, be impeded or taken away. 


The Expansion of Figure, retards the Velocity of the ascent or descent of the 
Moveable in the water; but doth not deprive it of all Motion. 


The Expansion of the Figure may indeed retard its Velocity, aswell of ascent as 
descent, and more and more according as the said Figure is reduced to a greater 
breadth and thinness: but that it may be reduced to such a form as that that same 
matter be wholly hindred from moving in the same water, that I hold to be 
impossible. In this I have met with great contradictors, who producing some 
Experiments, and in perticular a thin Board of Ebony, and a Ball of the same 
Wood, and shewing how the Ball in Water descended to the bottom, and the 
Board being put lightly upon the Water submerged not, but rested; have held, 
and with the Authority of Aristotle, confirmed themselves in their Opinions, that 
the Cause of that Rest was the breadth of the Figure, u{n}able by its small 
weight to pierce and penetrate the Resistance of the Waters Crassitude, which 
Resistance is readily overcome by the other Sphericall Figure. 


This is the Principal point in the present Question, in which I perswade my 
self to be on the right side. 

Therefore, beginning to investigate with the examination of exquisite 
Experiments that really the Figure doth not a jot alter the descent or Ascent of 
the same Solids, and having already demonstrated that the greater or less Gravity 
of the Solid in relation to the Gravity of the Medium is the cause of Descent or 
Ascent: when ever we would make proof of that, which about this Effect the 
diversity of Figure worketh, its necessary to make the Experiment with Matter 
wherein variety of Gravities hath no place. For making use of Matters which 
may be different in their Specifical Gravities, and meeting with varieties of 
effects of Ascending and Descending, we shall alwayes be left unsatisfied 
whether that diversity derive it self really from the sole Figure, or else from the 
divers Gravity also. We may remedy this by takeing one only Matter, that is 
tractable and easily reduceable into every sort of Figure. Moreover, it will be an 
excellent expedient to take a kinde of Matter, exactly alike in Gravity unto the 
Water: for that Matter, as far as pertaines to the Gravity, is indifferent either to 
Ascend or Descend; so that we may presently observe any the least difference 
that derives it self from the diversity of Figure. 


An Experiment in Wax, that proveth Figure to have no Operation in Natation & 
Submersion. 


Now to do this, Wax is most apt, which, besides its incapacity of receiveing any 
sensible alteration from its imbibing of Water, is ductile or pliant, and the same 
piece is easily reduceable into all Figures: and being in Specie a very 
inconsiderable matter inferiour in Gravity to the Water, by mixing therewith a 
little of the fileings of Lead it is reduced to a Gravity exactly equall to that of the 
Water. 

This Matter prepared, and, for example, a Ball being made thereof as bigge as 
an Orange or biger, and that made so grave as to sink to the bottom, but so 
lightly, that takeing thence one only Grain of Lead, it returns to the top, and 
being added, it submergeth to the bottom, let the same Wax afterwards be made 
into a very broad and thin Flake or Cake; and then, returning to make the same 
Experiment, you shall see that it being put to the bottom, it shall, with the Grain 
of Lead rest below, and that Grain deducted, it shall ascend to the very Surface, 
and added again it shall dive to the bottom. And this same effect shall happen 
alwaies in all sort of Figures, as wel regular as irregular: nor shall you ever finde 
any that will swim without the removall of the Grain of Lead, or sinke to the 


bottom unless it be added: and, in short, about the going or not going to the 
Bottom, you shall discover no diversity, although, indeed, you shall about the 
quick and slow descent: for the more expatiated and distended Figures move 
more slowly aswel in the diveing to the bottom as in the rising to the top; and the 
other more contracted and compact Figures, more speedily. Now I know not 
what may be expected from the diversity of Figures, if the most contrary to one 
another operate not so much as doth a very small Grain of Lead, added or 
removed. 

Me thinkes I hear some of the Adversaries to raise a doubt upon my produced 
Experiment*’. And first that they offer to my consideration, that the Figure, as a 
Figure simply, and disjunct from the Matter workes not any effect, but requires 
to be conjoyned with the Matter; and, furthermore, not with every Matter, but 
with those only, wherewith it may be able to execute the desired operation. Like 
as we see it verified by Experience, that the Acute and sharp Angle is more apt 
to cut, than the Obtuse; yet alwaies provided, that both the one and the other, be 
joyned with a Matter apt to cut, as for example, with Steel. Therefore, a Knife 
with a fine and sharp edge, cuts Bread or Wood with much ease, which it will 
not do, if the edge be blunt and thick: but he that will instead of Steel, take Wax, 
and mould it into a Knife, undoubtedly shall never know the effects of sharp and 
blunt edges: because neither of them will cut, the Wax being unable by reason of 
its flexibility, to overcome the hardness of the Wood and Bread. And, therefore, 
applying the like discourse to our purpose, they say, that the difference of Figure 
will shew different effects, touching Natation and Submersion, but not 
conjoyned with any kind of Matter, but only with those Matters which, by their 
Gravity, are apt to resist the Velocity of the water, whence he that would elect 
for the Matter, Cork or other light wood, unable, through its Levity, to superate 
the Crassitude of the water, and of that Matter should forme Solids of divers 
Figures, would in vain seek to find out what operation Figure hath in Natation or 
Submersion; because all would swim, and that not through any property of this 
or that Figure, but through the debility of the Matter, wanting so much Gravity, 
as is requisite to superate and overcome the Density and Crassitude of the water. 


ve An objection against the Experiment in Water. 

Its needfull, therefore, if wee would see the effect wrought by the Diversity of 
Figure, first to make choice of a Matter of its nature apt to penetrate the 
Crassitude of the water. And, for this effect“, they have made choice of such a 
Matter, as fit, that being readily reduced into Sphericall Figure, goes to the 
Bottom; and it is Ebony, of which they afterwards making a small Board or 


Splinter, as thin as a Lath, have illustrated how that this, put upon the Surface of 
the water, rests there without descending to the Bottom: and making, on the 
otherside, of the same wood a Ball, no less than a hazell Nut, they shew, that this 
swims not, but descendes. From which Experiment, they think they may frankly 
conclude, that the Breadth of the Figure in the flat Lath or Board, is the cause of 
its not descending to the Bottom, for as much as a Ball of the same Matter, not 
different from the Board in any thing but in Figure, submergeth in the same 
water to the Bottom. The discourse and the Experiment hath really so much of 
probability and likelyhood of truth in it, that it would be no wonder, if many 
perswaded by a certain cursory observation, should yield credit to it; 
nevertheless, I think I am able to discover, how that it is not free from falacy. 


Al An Experiment in Ebany, brought to disprove the Experiment in Wax. 

Beginning, therefore, to examine one by one, all the particulars that have been 
produced, I say, that Figures, as simple Figures, not only operate not in naturall 
things, but neither are they ever seperated from the Corporeall substance**: nor 
have I ever alledged them stript of sensible Matter, like as also I freely admit, 
that in our endeavouring to examine the Diversity of Accidents, dependant upon 
the variety of Figures, it is necessary to apply them to Matters, which obstruct 
not the various operations of those various Figures: and I admit and grant, that I 
should do very ill; if I would experiment the influence of Acutenesse of edge 
with a Knife of Wax, applying it to cut an Oak, because there is no Acuteness in 
Wax able to cut that very hard wood. 

But yet such an Experiment of this Knife, would not be besides the purpose, 
to cut curded Milk, or other very yielding Matter: yea, in such like Matters, the 
Wax is more commodious than Steel; for finding the diversity depending upon 
Angles, more or less Acute, for that Milk is indifferently cut with a Raisor, and 
with a Knife, that hath a blunt edge. It needs, therefore, that regard be had, not 
only to the hardness, solidity or Gravity of Bodies, which under divers figures, 
are to divide and penetrate some Matters, but it forceth also, that regard be had, 
on the other side, to the Resistance of the Matters, to be divided and penetrated. 
But since I have in making the Experiment concerning our Contest; chosen a 
Matter which penetrates the Resistance of the water; and in all figures descendes 
to the Bottome, the Adversaries can charge me with no defect; yea, I have 
propounded so much a more excellent Method than they, in as much as I have 
removed all other Causes, of descending or not descending to the Bottom, and 
retained the only sole and pure variety of Figures, demonstrating that the same 
Figures all descende with the only alteration of a Grain in weight: which Grain 


being removed, they return to float and swim; it is not true, therefore, (resuming 
the Example by them introduced) that I have gon{e} about to experiment the 
efficacy of Acuteness, in cutting with Matters unable to cut, but with Matters 
proportioned to our occasion, since they are subjected to no other variety, then 
that alone which depends on the Figure more or less acute. 


s Figure is unseperable from Corporeall Substance. 


The answer to the Objection against the Experiment of the Wax. 


But let us proceed a little farther, and observe, how that indeed the 
Consideration, which, they say, ought to be had about the Election of the Matter, 
to the end, that it may be proportionate for the making of our experiment, is 
needlessly introduced, declaring by the example of Cutting, that like as 
Acuteness is inefficient to cut, unless when it is in a Matter hard and apt to 
superate the Resistance of the wood or other Matter, which we intend to cut; so 
the aptitude of descending or not descending in water, ought and can only be 
known in those Matters, that are able to overcome the Renitence, and superate 
the Crassitude of the water. Unto which, I say, that to make distinction and 
election, more of this than of that Matter, on which to impress the Figures for 
cutting or penetrating this or that Body, as the solidity or obdurateness of the 
said Bodies shall be greater or less, is very necessary: but withall I subjoyn, that 
such distinction, election and caution would be superfluous and unprofitable, if 
the Body to be cut or penetrated, should have no Resistance, or should not at all 
withstand the Cutting or Penitration: and if the Knife were to be used in cutting a 
Mist or Smoak, one of Paper would be equally serviceable with one of 
Damascus Steel: and so by reason the water hath not any Resistance against the 
Penitration of any Solid Body, all choice of Matter is superfluous and needless, 
and the Election which I said above to have been well made of a Matter 
reciprocall in Gravity to water, was not because it was necessary, for the 
overcoming of the crassitude of the water, but its Gravity, with which only it 
resists the sinking of Solid Bodies: and for what concerneth the Resistance of the 
crassitude, if we narrowly consider it, we shall find that all Solid Bodies, as well 
those that sink, as those that swim, are indifferently accomodated and apt to 
bring us to the knowledge of the truth in question. Nor will I be frighted out of 
the belief of these Conclusions, by the Experiments which may be produced 
against me, of many severall Woods, Corks, Galls, and, moreover, of subtle 
slates and plates of all sorts of Stone and Mettall, apt by means of their Naturall 
Gravity, to move towards the Centre of the Earth, the which, nevertheless, being 


impotent, either through the Figure (as the Adversaries thinke) or through 
Levity, to break and penetrate the Continuity of the parts of the water, and to 
distract its union, do continue to swimm without submerging in the least: nor on 
the other side, shall the Authority of Aristotle move me, who in more than one 
place, affirmeth the contrary to this, which Experience shews me. 


No Solid of such Levity, nor of such Figure, but that it doth penetrate the 
Crassitude of the Water. 


Bodies of all Figures, laid upon the water, do penetrate its Crassitude, and in 
what proportion. 


I return, therefore, to assert, that there is not any Solid of such Levity, nor of 
such Figure, that being put upon the water, doth not divide and penetrate its 
Crassitude: yea if any with a more perspicatious eye, shall return to observe 
more exactly the thin Boards of Wood, he shall see them to be with part of their 
thickness under water, and not only with their inferiour Superficies, to kisse the 
Superiour of the water, as they of necessity must have believed, who have said, 
that such Boards submerge not, as not being able to divide the Tenacity of the 
parts of the water: and, moreover, he shall see, that subtle shivers of Ebony, 
Stone or Metall, when they float, have not only broak the Continuity of the 
water, but are with all their thickness, under the Surface of it; and more and 
more, according as the Matters are more grave: so that a thin Plate of Lead, shall 
be lower than the Surface of the circumfused water, by at least twelve times the 
thickness of the Plate, and Gold shall dive below the Levell of the water, almost 
twenty times the thickness of the Plate, as I shall anon declare. 

But let us proceed to evince, that the water yields and suffers it self to be 
penetrated by every the lightest Body; and therewithall demonstrate, how, even 
by Matters that submerge not, we may come to know that Figure operates 
nothing about the going or not going to the Bottom, seeing that the water suffers 
it self to be penetrated equally by every Figure. 


The Experiment of a Cone, demitted with its Base, and after with its Point 
downwards. 


Make a Cone, or a Piramis of Cypress, of Firre, or of other Wood of like 
Gravity, or of pure Wax, and let its height be somewhat great, namely a handfull, 
or more, and put it into the water with the Base downwards: first, you shall see 


that it will penetrate the water, nor shall it be at all impeded by the largeness of 
the Base, nor yet shall it sink all under water, but the part towards the point shall 
lye above it: by which shall be manifest, first, that that Solid forbeares not to 
sink out of an inability to divide the Continuity of the water, having already 
divided it with its broad part, that in the opinion of the Adversaries is the less apt 
to make the division. The Piramid being thus fixed, note what part of it shall be 
submerged, and revert it afterwards with the point downwards, and you shall see 
that it shall not dive into the water more than before, but if you observe how far 
it shall sink, every person expert in Geometry, may measure, that those parts that 
remain out of the water, both in the one and in the other Experiment are equall to 
an hair: whence he may manifestly conclude, that the acute Figure which seemed 
most apt to part and penetrate the water, doth not part or penetrate it more than 
the large and spacious. 

And he that would have a more easie Experiment, let him take two Cylinders 
of the same Matter, one long and small, and the other short, but very broad, and 
let him put them in the water, not distended, but erect and endways: he shall see, 
if he diligently measure the parts of the one and of the other, that in each of them 
the part submerged, retains exactly the same proportion to that out of the water, 
and that no greater part is submerged of that long and small one, than of the 
other more spacious and broad: howbeit, this rests upon a very large, and that 
upon a very little Superficies of water: therefore the diversity of Figure, 
occasioneth neither facility, nor difficulty, in parting and penetrating the 
Continuity of the water, and, consequently, cannot be the Cause of the Natation 
or Submersion. He may likewise discover the non operating of variety of 
Figures, in arising from the Bottom of the water, towards the Surface, by taking 
Wax, and tempering it with a competent quantity of the filings of Lead, so that it 
may become a considerable matter graver than the water: then let him make it 
into a Ball, and thrust it unto the Bottom of the water; and fasten to it as much 
Cork, or other light matter, as just serveth to raise it, and draw it towards the 
Surface: for afterwards changing the same Wax into a thin Cake, or into any 
other Figure, that same Cork shall raise it in the same manner to a hair. 

This silenceth not my Antagonists, but they say, that all the discourse hitherto 
made by me little importeth to them, and that it serves their turn, that they have 
demonstrated in one only particular, and in what matter, and under what Figure 
pleaseth them, namely, in a Board and in a Ball of Ebony, that this put in the 
water, descends to the Bottom, and that stays atop to swim: and the Matter being 
the same, and the two Bodies differing in nothing but in Figure, they affirm, that 
they have with all perspicuity demonstrated and sensibly manifested what they 
undertook; and lastly, that they have obtained their intent. Nevertheless, I 


believe, and thinke, I can demonstrate, that that same Experiment proveth 
nothing against my Conclusion. 


In Experiments of Natation, the Solid is to be put into, not upon the water. 


And first, it is false, that the Ball descends, and the Board not: for the Board 
shall also descend, if you do to both the Figures, as the words of our Question 
requireth; that is, if you put them both into the water. 


The Question of Natation stated. 


The words were these. That the Antagonists having an opinion, that the Figure 
would alter the Solid Bodies, in relation to the descending or not descending, 
ascending or not ascending in the same Medium, as v. gr. in the same water, in 
such sort, that, for Example, a Solid that being of a Sphericall Figure, shall 
descend to the Bottom, being reduced into some other Figure, shall not descend: 
I holding the contrary, do affirm, that a Corporeall Solid Body, which reduced 
into a Sphericall Figure, or any other, shall go to the Bottom, shall do the like 
under whatsoever other Figure, {&}c. 


Place defined according to Aristotle. 


But to be in the water, implies to be placed in the water, and by Aristotles own 
Definition of place, to be placed, importeth to be invironed by the Superficies of 
the Ambient Body, therefore, then shall the two Figures be in the water, when 
the Superficies of the water, shall imbrace and inviron them: but when the 
Adversaries shew the Board of Ebony not descending to the Bottom, they put it 
not into the water, but upon the water, where being by a certain impediment (as 
by and by we will shew) retained, it is invironed, part by water, and part by air, 
which thing is contrary to our agreement, that was, that the Bodies should be in 
the water, and not part in water, and part in air. 


The which is again made manifest, by the questions being put as well about the 
things which go to the Bottom, as those which arise from the Bottom to swimme, 
and who sees not that things placed in the Bottom, must have water about them. 


The confutation of the Experiment in the Ebany. 


It is now to be noted, that the Board of Ebany and the Ball, put into the water, 
both sink, but the Ball more swiftly, and the Board more slowly; and slower and 
slower, according as it shall be more broad and thin, and of this Tardity the 
breadth of the Figure is the true Cause: But these broad Boards that slowly 
descend, are the same, that being put lightly upon the water, do swimm: 
Therefore, if that were true which the Adversaries affirm, the same numerical 
Figure, would in the same numericall water, cause one while Rest, and another 
while Tardity of Motion, which is impossible: for every perticular Figure which 
descends to the Bottom’, hath of necessity its own determinate Tardity and 
slowness, proper and naturall unto it, according to which it moveth, so that every 
other Tardity, greater or lesser is improper to its nature: if, therefore, a Board, as 
suppose of a foot square, descendeth naturally with six degrees of Tardity, it is 
impossible, that it should descend with ten or twenty, unless some new 
impediment do arrest it. Much less can it, by reason of the same Figure rest, and 
wholly cease to move; but it is necessary, that when ever it resteth, there do 
some greater impediment intervene than the breadth of the Figure. Therefore, it 
must be somewhat else, and not the Figure, that stayeth the Board of Ebany 
above water, of which Figure the only Effect is the retardment of the Motion, 
according to which it descendeth more slowly than the Ball. Let it be confessed, 
therefore, rationally discoursing, that the true and sole Cause of the Ebanys 
going to the Bottom, is the excess of its Gravity above the Gravity of the water: 
and the Cause of the greater or less Tardity, the breadth of this Figure, or the 
contractedness of that: but of its Rest, it can by no means be allowed, that the 
quallity of the Figure, is the Cause thereof: aswell, because, making the Tardity 
greater, according as the Figure more dilateth, there cannot be so immense a 
Dilatation, to which there may not be found a correspondent immence Tardity 
without redusing it to Nullity of Motion; as, because the Figures produced by the 
Antagonists for effecters of Rest, are the self same that do also go to the Bottom. 


aa Every perticular Figure hath its own peculiar Tardity. 


I will not omit another reason, founded also upon Experience, and if I deceive 
not my self, manifestly concluding, how that the Introduction of the breadth or 
amplitude of Figure, and the Resistance of the water against penetration, have 
nothing to do in the Effect of descending, or ascending, or resting in the water. 
PTake a piece of wood or other Matter, of which a Ball ascends from the Bottom 
of the water to the Surface, more slowly than a Ball of Ebony of the same 
bignesse, so that it is manifest, that the Ball of Ebony more readily divideth the 
water in descending, than the other in ascending; as for Example, let the Wood 


be Walnut-tree. Then take a Board of Walnut-tree, like and equall to that of 
Ebony of the Antagonists, which swims; and if it be true, that this floats above 
water, by reason of the Figure, unable through its breadth, to pierce the 
Crassitude of the same, the other of Wallnut-tree, without all question, being 
thrust unto the Bottom, will stay there, as less apt, through the same impediment 
of Figure, to divide the said Resistance of the water. But if we shall find, and by 
experience see, that not only the thin Board, but every other Figure of the same 
Wallnut-tree will return to float, as undoubtedly we shall, then I must desier my 
opposers to forbear to attribute the floating of the Ebony, unto the Figure of the 
Board, in regard that the Resistance of the water is the same, as well to the 
ascent, as to the descent, and the force of the Wallnut-trees ascension, is lesse 
than the Ebonys force in going to the Bottom. 

> The Figure & Resistance of the Medium against Division, have nothing to 
do with the Effect of Natation or Submersion, by an Experiment in Wallnut tree. 


An Experiment in Gold, to prove the non-operating of Figure in Natation and 
Submersion. 


Nay, I will say more, that if we shall consider Gold in comparison of water, we 
shall find, that it exceeds it in Gravity almost twenty times, so that the Force and 
Impetus, wherewith a Ball of Gold goes to the Bottom, is very great. On the 
contrary, there want not matters, as Virgins Wax, and some Woods, which are 
not above a fiftieth part less grave than water, whereupon their Ascension 
therein is very slow, and a thousand times weaker than the Impetus of the Golds 
descent: yet notwithstanding, a plate of Gold swims without descending to the 
Bottom, and, on the contrary, we cannot make a Cake of Wax, or thin Board of 
Wood, which put in the Bottom of the Water, shall rest there without ascending. 
Now if the Figure can obstruct the Penetration, and impede the descent of Gold, 
that hath so great an Impetus, how can it choose but suffice to resist the same 
Penetration of the other matter in ascending, when as it hath scarce a thousandth 
part of the Impetus that the Gold hath in descending? Its therefore, necessary, 
that that which suspends the thin Plate of Gold, or Board of Ebony, upon the 
water, be some thing that is wanting to the other Cakes and Boards of Matters 
less grave than the water; since that being put to the Bottom, and left at liberty, 
they rise up to the Surface, without any obstruction: But they want not for 
flatness and breadth of Figure: Therefore, the spaciousnesse of the Figure, is not 
that which makes the Gold and Ebony to swim. 


And, because, that the excess of their Gravity above the Gravity of the water, 
is questionless the Cause of the sinking of the flat piece of Ebony, and the thin 
Plate of Gold, when they go to the Bottom, therefore, of necessity, when they 
float, the Cause of their staying above water, proceeds from Levity, which in that 
case, by some Accident, peradventure not hitherto observed, cometh to meet 
with the said Board, rendering it no longer as it was before, whilst it did sink 
more ponderous than the water, but less. 

Now, let us return to take the thin Plate of Gold, or of Silver, or the thin 
Board of Ebony, and let us lay it lightly upon the water, so that it stay there 
without sinking, and diligently observe its effect. 

And first, see how false the assertion of Aristotle, and our oponents is, to wit, 
that it stayeth above water, through its unability to pierce and penetrate the 
Resistance of the waters Crassitude: for it will manifestly appear, not only that 
the said Plates have penetrated the water, but also that they are a considerable 
matter lower than the Surface of the same, the which continueth eminent, and 
maketh as it were a Rampert on all sides, round about the said Plates, the 
profundity of which they stay swimming: and, according as the said Plates shall 
be more grave than the water, two, four, ten or twenty times, it is necessary, that 
their Superficies do stay below the universall Surface of the water, so much 
more, than the thickness of those Plates, as we shal more distinctly shew anon. 
In the mean space, for the more easie understanding of what I say, observe with 
me a little the present Scheme: in which let us suppose the Surface of the water 
to be distended, according to the Lines F L D B, upon which if one shall put a 
board of matter specifically more grave than water, but so lightly that it 
submerge not, it shall not rest any thing above, but shall enter with its whole 
thickness into the water: and, moreover, shall sink also, as we see by the Board 
A I, O I, whose breadth is wholly sunk into the water, the little Ramperts of 
water L A and D O incompassing it, whose Superficies is notably higher than the 
Superficies of the Board. See now whether it be true, that the said Board goes 
not to the Bottom, as being of Figure unapt to penetrate the Crassitude of the 
water. 





Why solids having penitrated the Water, do not proceed to a totall Submersion. 


But, if it hath already penetrated, and overcome the Continuity of the water, & is 
of its own nature more grave than the said water, why doth it not proceed in its 
sinking, but stop and suspend its self within that little dimple or cavitie, which 
with its ponderosity it hath made in the water? I answer; because that in 
submerging it self, so far as till its Superficies come to the Levell with that of the 
water, it loseth a part of its Gravity, and loseth the rest of it as it submergeth & 
descends beneath the Surface of the water, which maketh Ramperts and Banks 
round about it, and it sustaines this loss by means of its drawing after it, and 
carrying along with it, the Air that is above it, and by Contact adherent to it, 
which Air succeeds to fill the Cavity that is invironed by the Ramperts of water; 
so that that which in this case descends and is placed in the water, is not only the 
Board of Ebony or Plate of Iron, but a composition of Ebony and Air, from 
which resulteth a Solid no longer superiour in Gravity to the water, as was the 
simple Ebony, or the simple Gold. And, if we exactly consider, what, and how 
great the Solid is, that in this Experiment enters into the water, and contrasts 
with the Gravity of the same, it will be found to be all that which we find to be 
beneath the Surface of the water, the which is an aggregate and Compound of a 
Board of Ebony, and of almost the like quantity of Air, or a Mass compounded 
of a Plate of Lead, and ten or twelve times as much Air. 

But, Gentlemen, you that are my Antagonists in our Question, we require the 
Identity of Matter, and the alteration only of the Figure; therefore, you must 
remove that Air, which being conjoyned with the Board, makes it become 
another Body less grave than the Water, and put only the Ebony into the Water, 
and you shall certainly see the Board descend to the Bottom; and, if that do not 
happen, you have got the day. And to seperate the Air from the Ebony™, there 
needs no more but only to bath the Superficies of the said Board with the same 
Water: for the Water being thus interposed between the Board and the Air, the 
other circumfused Water shall run together without any impediment, and shall 
receive into it the sole and bare Ebony, as it was to do. 


44 . ae er ; 
How to seperate the Air from Solids in demitting them into the water. 


But, me thinks I hear some of the Adversaries cunningly opposing this, and 
telling me, that they will not yield, by any means, that their Board be wetted, 
because the weight added thereto by the Water, by making it heavier than it was 
before, draws it to the Bottom, and that the addition of new weight is contrary to 
our agreement, which was, that the Matter be the same. 

To this, I answer, first; that treating of the operation of Figure in Bodies put 
into the Water, none can suppose them to be put into the Water without being 


wet; nor do I desire more to be done to the Board, then I will give you leave to 
do to the Ball. Moreover, it is untrue, that the Board sinks by vertue of the new 
Weight added to it by the Water, in the single and slight bathing of it: for I will 
put ten or twenty drops of Water upon the same Board, whilst it is sustained 
upon the water; which drops, because not conjoyned with the other Water 
circumfused, shall not so encrease the weight of it, as to make it sink: but if the 
Board being taken out, and all the water wiped off that was added thereto, I 
should bath all its Superficies with one only very small drop, and put it again 
upon the water, without doubt it shall sink, the other Water running to cover it, 
not being retained by the superiour Air; which Air by the interposition of the thin 
vail of water, that takes away its Contiguity unto the Ebony, shall without 
Renitence be seperated, nor doth it in the least oppose the succession of the other 
Water: but rather, to speak better, it shall descend freely; because it shall be all 
invironed and covered with water, as soon as its superiour Superficies, before 
vailed with water, doth arrive to the Levell of the universall Surface of the said 
water. To say, in the next place, that water can encrease the weight of things that 
are demitted into it, is most false; for water hath no Gravity in water’, since it 
descends not: yea, if we would well consider what any immense Mass of water 
doth put upon a grave Body; that is placed in it, we shall find experimentally, 
that it, on the contrary, will rather in a great part deminish the weight of it*®, and 
that we may be able to lift an huge Stone from the Bottom of the water, which 
the water being removed, we are not able to stir. Nor let them tell me by way of 
reply, that although the superposed water augment not the Gravity of things that 
are in it, yet it increaseth the ponderosity of those that swim, and are part in the 
water and part in the Air, as is seen, for Example, in a Brass Ketle“, which 
whilst it is empty of water, and replenished only with Air shall swim, but 
pouring of Water therein, it shall become so grave, that it shall sink to the 
Bottom, and that by reason of the new weight added thereto. To this I will return 
answer, as above, that the Gravity of the Water, contained in the Vessel is not 
that which sinks it to the Bottom, but the proper Gravity of the Brass, superiour 
to the Specificall Gravity of the Water: for if the Vessel were less grave than 
water, the Ocean would not suffice to submerge it*®. And, give me leave to 
repeat it again, as the fundamentall and principall point in this Case, that the Air 
contained in this Vessel before the infusion of the Water, was that which kept it 
a-float*’, since that there was made of it, and of the Brass, a Composition less 
grave than an equall quantity of Water: and the place that the Vessel occupyeth 
in the Water whilst it floats, is not equall to the Brass alone, but to the Brass and 
to the Air together, which filleth that part of the Vessel that is below the Levell 
of the water: Moreover, when the Water is infused, the Air is removed, and there 


is a composition made of Brass and of water, more grave in specie than the 
simple water, but not by vertue of the water infused, as having greater Specifick 
Gravity than the other water, but through the proper Gravity of the Brass, and 
through the alienation of the Air. Now, as he that should say that Brass, that by 
its nature goes to the Bottom, being formed into the Figure of a Ketle”, 
acquireth from that Figure a vertue of lying in the Water without sinking, would 
say that which is false; because that Brass fashioned into any whatever Figure, 
goeth always to the Bottom, provided, that that which is put into the water be 
simple Brass; and it is not the Figure of the Vessel that makes the Brass to float, 
but it is because that that is not purely Brass which is put into the water, but an 
aggregate of Brass and of Air: so is it neither more nor less false, that a thin Plate 
of Brass or of Ebony, swims by vertue of its dilated & broad Figure: for the truth 
is, that it bares up without submerging, because that that which is put in the 
water, is not pure Brass or simple Ebony, but an aggregate of Brass and Air, or 
of Ebony and Air. And, this is not contrary unto my Conclusion, the which, 
(having many a time seen Vessels of Mettall, and thin pieces of diverse grave 
Matters float, by vertue of the Air conjoyned with them) 

did affirm, That Figure was not the Cause of the Natation or Submersion of 
such Solids as were placed in the water. Nay more, I cannot omit, but must tell 
my Antagonists, that this new conceit of denying that the Superficies of the 
Board should be bathed, may beget in a third person an opinion of a poverty of 
Arguments of defence on their part, since that such bathing was never insisted 
upon by them in the beginning of our Dispute, and was not questioned in the 
least, being that the Originall of the discourse arose upon the swiming of Flakes 
of Ice, wherein it would be simplicity to require that their Superficies might 
bedry: besides, that whether these pieces of Ice be wet or dry they alwayes swim, 
and as the Adversaries say, by reason of the Figure. 


5 Water hath no Gravity in Water. 


= Water deminisheth the Gravity of Solids immerged therein. 


s The Experiment of a brass Ketle swiming when empty, & sinking when full, alledged to prove that water gravitates in water, 


answered. 


a An Ocean sufficeth not to sink a Vessel specifically less grave than water. 


49 ,. : ; . 
Air, the Cause of the Natation of empty Vessels of Matters graver in specie than the water. 


s0 Neither Figure, nor the breadth of Figure, is the Cause of Natation. 


Some peradventure, by way of defence, may say, that wetting the Board of 
Ebony, and that in the superiour Superficies, it would, though of it self unable to 
pierce and penetrate the water, be born downwards, if not by the weight of the 
additionall water, at least by that desire and propension that the superiour parts 
of the water have to re-unite and rejoyn themselves: by the Motion of which 
parts, the said Board cometh in a certain manner, to be depressed downwards. 


The Bathed Solid descends not out of any affectation of union in the upper parts 
of the water. 


This weak Refuge will be removed, if we do but consider, that the repugnancy of 
the inferiour parts of the water, is as great against Disunion, as the Inclination of 
its superiour parts is to union: nor can the uper unite themselves without 
depressing the board, nor can it descend without disuniting the parts of the 
nether Water: so that it doth follow, by necessary consequence, that for those 
respects, it shall not descend. Moreover, the same that may be said of the upper 
parts of the water, may with equall reason be said of the nether, namely, that 
desiring to unite, they shall force the said Board upwards. 

Happily, some of these Gentlemen that dissent from me, will wonder, that I 
affirm, that the contiguous superiour Air is able to sustain that Plate of Brass or 
of Silver, that stayeth above water; as if I would in a certain sence allow the 
Air*!, a kind of Magnetick vertue of sustaining the grave Bodies, with which it is 
contiguous. To satisfie all I may, to all doubts, I have been considering how by 
some other sensible Experiment I might demonstrate, how truly that little 
contiguous and superiour Air sustaines those Solids, which being by nature apt 
to descend to the Bottom, being placed lightly on the water submerge not, unless 
they be first thorowly bathed; and have found, that one of these Bodies having 
descended to the Bottom, by conveighing to it (without touching it in the least) a 
little Air, which conjoyneth with the top of the same, it becometh sufficient, not 
only, as before to sustain it, but also to raise it, and to carry it back to the top, 
where it stays and abideth in the same manner, till such time, as the assistance of 
the conjoyned Air is taken away. And to this effect, I have taken a Ball of Wax, 
and made it with a little Lead, so grave, that it leasurely descends to the Bottom, 
making with all its Superficies very smooth and pollite: and this being put gently 
into the water, almost wholly submergeth, there remaining vissible only a little 
of the very top”, the which so long as it is conjoyned with the Air, shall retain 
the Ball a-top, but the Contiguity of the Air taken away by wetting it, it shall 
descend to the Bottom and there remain. Now to make it by vertue of the Air, 


that before sustained it to return again to the top, and stay there, thrust into the 
water a Glass reversed with the mouth downwards, the which shall carry with it 
the Air it contains, and move this towards the Ball, abasing it till such time that 
you see, by the transparency of the Glass, that the contained Air do arrive to the 
summity of the Ball”: then gently withdraw the Glass upwards, and you shall see 
the Ball to rise, and afterwards stay on the top of the water™, if you carefully part 
the Glass and the water without overmuch commoving and disturbing it. 

There is, therefore, a certain affinity between the Air and other Bodies, which 
holds them unied, so, that they seperate not without a kind of violence. The same 
likewise is seen in the water”; for if we shall wholly submerge some Body in it, 
so that it be thorowly bathed, in the drawing of it afterwards gently out again, we 
shall see the water follow it, and rise notably above its Surface, before it 
seperates from it. Solid Bodies, also”, if they be equall and alike in Superficies, 
so, that they make an exact Contact without the interposition of the least Air, that 
may part them in the seperation and yield untill that the ambient Medium 
succeeds to replenish the place, do hold very firmly conjoyned, and are not to be 
seperated without great force but, because, the Air, Water, and other Liquids, 
very expeditiously shape themselves to contact with any Solid Bodies, so that 
their Superficies do exquisitely adopt themselves to that of the Solids, without 
any thing remaining between them, therefore, the effect of this Conjunction and 
Adherence is more manifestly and frequently observed in them, than in hard and 
inflexible Bodies, whose Superficies do very rarely conjoyn with exactness of 
Contact”. This is therefore that Magnetick vertue, which with firm Connection 
conjoyneth all Bodies, that do touch without the interposition of flexible fluids; 
and, who knows, but that that a Contact, when it is very exact, may be a 
sufficient Cause of the Union and Continuity of the parts of a naturall Body? 


2 A Magnetisme in the Air, by which it bears up those Solids in the water, that are contiguous with it. 


ae The Effect of the Airs Contiguity in the Natation of Solids. 


28 The force of Contact. 


ai An Affectation of Conjunction betwixt Solids and the Air contiguous to them. 


a The like affectation of Conjunction betwixt Solids & the water. 


a9 Also the like affectation and Conjunction betwixt Solids themselves. 


af Contact may be the Cause of the Continuity of Naturall Bodies. 


Now, pursuing my purpose, I say; that it needs not, that we have recourse to 
the Tenacity, that the parts of the water have amongst themselves, by which they 
resist and oppose Division, Distraction, and Seperation, because there is no such 
Coherence and Resistance of Division for if there were, it would be no less in the 
internall parts than in those nearer the superiour or externall Surface, so that the 
same Board, finding alwayes the same Resistance and Renitence, would no less 
stop in the middle of the water than about the Surface, which is false. Moreover, 
what Resistance can we place in the Continuity of the water, if we see that it is 
impossible to find any Body of whatsoever Matter, Figure or Magnitude, which 
being put into the water, shall be obstructed and impeded by the Tenacity of the 
parts of the water to one another, so, but that it is moved upwards or downwards, 
according as the Cause of their Motion transports it? And, what greater proof of 
it can we desier, than that which we daily see in Muddy waters, which being put 
into Vessels to be drunk, and being, after some hours setling°®, still, as we say, 
thick in the end, after four or six dayes they are wholly setled, and become pure 
and clear? 

Nor can their Resistance of Penetration stay those impalpable and insensible 
Atomes of Sand, which by reason of their exceeding small force, spend six dayes 
in descending the space of half a yard. 


L The settlement of Muddy Water, proveth that that Element hath no aversion to Division. 


Nor let them say, that the seeing of such small Bodies, consume six dayes in 
descending so little a way, is a sufficient Argument of the Waters Resistance of 
Division; because that is no resisting of Division, but a retarding of Motion; and 
it would be simplicity to say, that a thing opposeth Division”, and that in the 
same instant, it permits it self to be divided: nor doth the Retardation of Motion 
at all favour the Adversaries cause, for that they are to instance in a thing that 
wholly prohibiteth Motion, and procureth Rest; it is necessary, therefore, to find 
out Bodies that stay in the water, if one would shew its repugnancy to Division, 
and not such as move in it, howbeit but slowly. 


59 gt ; ee sE 
Water cannot oppose division, and at the same time permit it self to be divided. 


What then is this Crassitude of the water, with which it resisteth Division? 
What, I beseech you, should it be, if we (as we have said above) with all 
diligence attempting the reduction of a Matter into so like a Gravity with the 
water, that forming it into a dilated Plate it rests suspended as we have said, 
between the two waters, it be impossible to effect it, though we bring them to 


such an Equiponderance, that as much Lead as the fourth part of a Grain of 
Musterd-seed, added to the same expanded Plate, that in Air [i. e. out of the 
water] shall weigh four or six pounds, sinketh it to the Bottom, and being 
substracted, it ascends to the Surface of the water? 

I cannot see, (if what I say be true, as it is most certain) what minute vertue 
and force we can possibly find or imagine, to which the Resistance of the water 
against Division and Penetration is not inferiour; whereupon, we must of 
necessity conclude that it is nothing: because, if it were of any sensible power, 
some large Plate might be found or compounded of a Matter alike in Gravity to 
the water, which not only would stay between the two waters; but, moreover, 
should not be able to descend or ascend without notable force. We may likewise 
collect the same from an other Experiment®, shewing that the Water gives way 
also in the same manner to transversall Division; for if in a setled and standing 
water we should place any great Mass that goeth not to the bottom, drawing it 
with a single Womans Hair, we might carry it from place to place without any 
opposition, and this whatever Figure it hath, though that it possess a great space 
of water, as for instance, a great Beam would do moved side-ways. Perhaps 
some might oppose me and say, that if the Resistance of water against Division, 
as I affirm, were nothing; Ships should not need such a force of Oars and Sayles 
for the moving of them from place to place in a tranquile Sea, or standing Lake. 
To him that should make such an objection, I would reply®', that the water 
contrasteth not against, nor simply resisteth Division, but a sudden Division, and 
with so much greater Renitence, by how much greater the Velocity is: and the 
Cause of this Resistance depends not on Crassitude, or any other thing that 
absolutely opposeth Division, but because that the parts of the water divided, in 
giving way to that Solid that is moved in it, are themselves also necessitated 
locally to move, some to the one side, and some to the other, and some 
downwards: and this must no less be done by the waves before the Ship, or other 
Body swimming through the water, than by the posteriour and subsequent; 
because, the Ship proceeding forwards, to make it self a way to receive its Bulk, 
it is requisite, that with the Prow it repulse the adjacent parts of the water, as 
well on one hand as on the other, and that it move them as much transversly, as 
is the half of the breadth of the Hull: and the like removall must those waves 
make, that succeeding the Poump do run from the remoter parts of the Ship 
towards those of the middle, successively to replenish the places, which the Ship 
in advancing forwards, goeth, leaving vacant. Now, because, all Motitions are 
made in Time®, and the longer in greater time: and it being moreover true, that 
those Bodies that in a certain time are moved by a certain power such a certain 
space, shall not be moved the same space, and in a shorter Time, unless by a 


greater Power: therefore, the broader Ships move slower than the narrower, 
being put on by an equall Force: and the same Vessel requires so much greater 
force of Wind, or Oars, the faster it is to move. 


60 ae F . A : FEASA 
An hair will draw a great Mass thorow the Water; which proveth, that it hath no Resistance against transversall Division. 
61 ; 
How ships are moved in the water. 
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Bodies moved a certain space in a certain Time, by a certain power, cannot be moved the same space and in a shorter time, but by a 
greater power. 


But yet for all this, any great Mass swimming in a standing Lake, may be 
moved by any petit force; only it is true, that a lesser force more slowly moves it: 
but if the waters Resistance of Division, were in any manner sensible, it would 
follow, that the said Mass, should, notwithstanding the percussion of some 
sensible force, continue immoveable, which is not so®. Yea, I will say farther, 
that should we retire our selves into the more internall contemplation of the 
Nature of water and other Fluids, perhaps we should discover the Constitution 
of their parts to be such, that they not only do not oppose Division, but that they 
have not any thing in them to be divided: so that the Resistance that is observed 
in moving through the water™, is like to that which we meet with in passing 
through a great Throng of People, wherein we find impediment, and not by any 
difficulty in the Division, for that none of those persons are divided whereof the 
Croud is composed, but only in moving of those persons side-ways which were 
before divided and disjoyned: and thus we find Resistance in thrusting a Stick 
into an heap of Sand, not because any part of the Sand is to be cut in pieces, but 
only to be moved and raised®. Two manners of Penetration, therefore, offer 
themselves to us, one in Bodies, whose parts were continuall, and here Division 
seemeth necessary, the other in the aggregates of parts not continuall, but 
contiguous only®, and here there is no necessity of dividing but of moving only. 
Now, I am not well resolved, whether water and other Fluids may be esteemed to 
be of parts continuall or contiguous only”; yet I find my self indeed inclined to 
think that they are rather contiguous (if there be in Nature no other manner of 
aggregating, than by the union, or by the touching of the extreams:) and I am 
induced thereto by the great difference that I see between the Conjunction of the 
parts of an hard or Solid Body®, and the Conjunction of the same parts when the 
same Body shall be made Liquid and Fluid: for if, for example, I take a Mass of 
Silver or other Solid and hard Mettall, I shall in dividing it into two parts, find 
not only the resistance that is found in the moving of it only, but an other 


incomparably greater, dependent on that vertue, whatever it be, which holds the 
parts united: and so if we would divide again those two parts into other two, and 
successively into others and others, we should still find a like Resistance, but 
ever less by how much smaller the parts to be divided shall be; but if, lastly, 
employing most subtile and acute Instruments, such as are the most tenuous 
parts of the Fire, we shall resolve it (perhaps) into its last and least Particles, 
there shall not be left in them any longer either Resistance of Division, or so 
much as a capacity of being farther divided, especially by Instruments more 
grosse than the acuities of Fire: and what Knife or Rasor put into well melted 
Silver can we finde, that will divide a thing which surpasseth the separating 
power of Fire? Certainly none: because either the whole shall be reduced to the 
most minute and ultimate Divisions, or if there remain parts capable still of 
other Subdidivisions, they cannot receive them, but only from acuter Divisors 
than Fire; but a Stick or Rod of Iron, moved in the melted Metall, is not such a 
one. Of a like Constitution and Consistence, I account the parts of Water”, and 
other Liquids to be, namely, incapable of Division by reason of their Ienuity; or 
if not absolutely indivisible, yet at least not to be divided by a Board, or other 
Solid Body, palpable unto the hand, the Sector being alwayes required to be 
more sharp than the Solid to be cut. Solid Bodies, therefore, do only move, and 
not divide the Water”, when put into it; whose parts being before divided to the 
extreamest minuity, and therefore capable of being moved, either many of them 
at once, or few, or very few, they soon give place to every small Corpuscle, that 
descends in the same: for that, it being little and light, descending in the Air, and 
arriving to the Surface of the Water, it meets with Particles of Water more small, 
and of less Resistance against Motion and Extrusion, than is its own prement 
and extrusive force; whereupon it submergeth, and moveth such a portion of 
them, as is proportionate to its Power. There is not, therefore, any Resistance in 
Water against Division, nay, there is not in it any divisible parts. I adde; 
moreover, that in case yet there should be any small Resistance found (which is 
absolutely false)” haply in attempting with an Hair to move a very great natant 
Machine, or in essaying by the addition of one small Grain of Lead to sink, or by 
removall of it to raise a very broad Plate of Matter, equall in Gravity with 
Water, (which likewise will not happen, in case we proceed with dexterity) we 
may observe that that Resistance is a very different thing from that which the 
Adversaries produce for the Cause of the Natation of the Plate of Lead or Board 
of Ebony, for that one may make a Board of Ebony, which being put upon the 
Water swimmeth, and cannot be submerged, no not by the addition of an 


hundred Grains of Lead put upon the same, and afterwards being bathed, not 
only sinks, though the said Lead be taken away, but though moreover a quantity 
of Cork, or of some other light Body fastened to it, sufficeth not to hinder it from 
sinking unto the bottome: so that you see, that although it were granted that 
there is a certain small Resistance of Division found in the substance of the 
Water, yet this hath nothing to do with that Cause which supports the Board 
above the Water, with a Resistance an hundred times greater than that which 
men can find in the parts of the Water: nor let them tell me, that only the Surface 
of the Water hath such Resistance”, and not the internall parts, or that such 
Resistance is found greatest in the beginning of the Submersion, as it also seems 
that in the beginning, Motion meets with greater opposition, than in the 
continuance of it; because, first, I will permit, that the Water be stirred, and that 
the superiour parts be mingled with the middle”, and inferiour parts, or that 
those above be wholly removed, and those in the middle only made use off, and 
yet you shall see the effect for all that, to be still the same: Moreover, that Hair 
which draws a Beam through the Water, is likewise to divide the upperparts, and 
is also to begin the Motion, and yet it begins it, and yet it divides it: and finally, 
let the Board of Ebony be put in the midway, betwixt the bottome and the top of 
the Water, and let it there for awhile be suspended and setled, and afterwards let 
it be left at liberty, and it will instantly begin its Motion, and will continue it unto 
the bottome. Nay, more, the Board so soon as it is dimitted upon the Water, hath 
not only begun to move and divide it, but is for a good space dimerged into it. 


e3 The parts of Liquids, so farre from resisting Division, that they contain not any thing that may be divided. 


ot The Resistance a Solid findeth in moving through the water, like to that we meet with in passing through a throng of people: 


va Or in thrusting a Stick into an heap of Sand. 


66 f ; ; ; ; ; i : 
Two kinds of Penetration, one in Bodies continuall, the other in Bodies only contiguous. 


67 : : F 
Water consists not of continuall, but only of contiguous parts. 


o8 Sefe} what satisfaction he hath given, as to this point, in Lib. de Motu. Dial. 2. 


63 Great difference betwixt the Conjunction of the parts of a Body when Solid, and when fluid. 


70 f i AS 
Water consists of parts that admit of no farther division. 


i Solids dimitted into the water, do onely move, and not divide it. 


72: ; ee F : bond : 3 
If there were any Resistance of Division in water, it must needs be small, in that it is overcome by an Hair, a Grain of Lead, or a 
slight bathing of the Solid. 


£ The uper parts of the Water, do no more resist Division than the middle or lower parts. 


hs Waters Resistance of division, not greater in the beginning of the Submersion. 

Let us receive it, therefore, for a true and undoubted Conclusion, That the 
Water hath not any Renitence against simple Division, and that it is not possible 
to find any Solid Body, be it of what Figure it will, which being put into the 
Water, its Motion upwards or downwards, according as it exceedeth, or shall be 
exceeded by the Water in Gravity (although such excesse and difference be 
insensible) 

shall be prohibited, and taken away, by the Crassitude of the said Water. 
When, therefore, we see the Board of Ebony, or of other Matter, more grave than 
the Water, to stay in the Confines of the Water and Air, without submerging, we 
must have recourse to some other Originall, for the investing the Cause of that 
Effect, than to the breadth of the Figure, unable to overcome the Renitence with 
which the Water opposeth Division, since there is no Resistance; and from that 
which is not in being, we can expect no Action. It remains most true, therefore, 
as we have said before, that this so succeds, for that that which in such manner 
put upon the water, not the same Body with that which is put into the Water: 
because this which is put into the Water, is the pure Board of Ebony, which for 
that it is more grave than the Water, sinketh, and that which is put upon the 
Water, is a Composition of Ebony, and of so much Air, that both together are 
specifically less grave than the Water, and therefore they do not descend. 

I will farther confirm this which I say. Gentlemen, my Antagonists, we are 
agreed, that the excess or defect of the Gravity of the Solid, unto the Gravity of 
the Water, is the true and proper Cause of Natation or Submersion. 


Great Caution to be had in experimenting the operation of Figure in Natation. 


Now, if you will shew that besides the former Cause, there is another which is so 
powerfull, that it can hinder and remove the Submersion of those very Solids, 
that by their Gravity sink, and if you will say, that this is the breadth or 
ampleness of Figure, you are oblieged, when ever you would shew such an 
Experiment, first to make the circumstances certain, that that Solid which you 
put into the Water, be not less grave in specie than it, for if you should not do so, 
any one might with reason say, that not the Figure, but the Levity was the cause 


of that Natation. But I say, that when you shall dimit a Board of Ebony into the 
Water, you do not put therein a Solid more grave in specie than the Water, but 
one lighter, for besides the Ebony, there is in the Water a Mass of Air, united 
with the Ebony, and such, and so light, that of both there results a Composition 
less grave than the Water: See, therefore, that you remove the Air, and put the 
Ebony alone into the Water, for so you shall immerge a Solid more grave then 
the Water, and if this shall not go to the Bottom, you have well Philosophized 
and I ill. 

Now, since we have found the true Cause of the Natation of those Bodies, 
which otherwise, as being graver than the Water, would descend to the bottom, I 
think, that for the perfect and distinct knowledge of this business, it would be 
good to proceed in a way of discovering demonstratively those particular 
Accidents that do attend these effects, and, 


PROBL. I. 


To finde the proportion Figures ought to have to the waters Gravity, that by help 
of the contiguous Air, they may swim. 


To finde what proportion severall Figures of different Matters ought to have, 
unto the Gravity of the Water, that so they may be able by vertue of the 
Contiguous Air to stay afloat. 





Let, therefore, for better illustration, D F N E be a Vessell, wherein the water 
is contained, and suppose a Plate or Board, whose thickness is comprehended 
between the Lines I C and O S, and let it be of Matter exceeding the water in 
Gravity, so that being put upon the water, it dimergeth and abaseth below the 
Levell of the said water, leaving the little Banks A I and B C, which are at the 
greatest height they can be, so that if the Plate I S should but descend any little 
space farther, the little Banks or Ramparts would no longer consist, but 
expulsing the Air A I C B, they would diffuse themselves over the Superficies I 
C, and would submerge the Plate. The height A I B C is therefore the greatest 
profundity that the little Banks of water admit of. Now I say, that from this, and 
from the proportion in Gravity, that the Matter of the Plate hath to the water, we 
may easily finde of what thickness, at most, we may make the said Plates, to the 
end, they may be able to bear up above water: for if the Matter of the Plate or 


Board I S were, for Example, as heavy again as the water, a Board of that Matter 
shall be, at the most of a thickness equall to the greatest height of the Banks, that 
is, as thick as A I is high: which we will thus demonstrate. Let the Solid I S be 
double in Gravity to the water, and let it be a regular Prisme, or Cylinder, to wit, 
that hath its two flat Superficies, superiour and inferiour, alike and equall, and at 
Right Angles with the other laterall Superficies, and let its thickness I O be 
equall to the greatest Altitude of the Banks of water: I say, that if it be put upon 
the water, it will not submerge: for the Altitude A I being equall to the Altitude I 
O, the Mass of the Air A B CI shall be equall to the Mass of the Solid C I O S: 
and the whole Mass A O S B double to the Mass I S; And since the Mass of the 
Air A C, neither encreaseth nor diminisheth the Gravity of the Mass I S, and the 
Solid I S was supposed double in Gravity to the water; Therefore as much water 
as the Mass submerged A O S B, compounded of the Air A I C B, and of the 
Solid I O S C, weighs just as much as the same submerged Mass A O S B: but 
when such a Mass of water, as is the submerged part of the Solid, weighs as 
much as the said Solid, it descends not farther, but resteth, as by (a) 

Archimedes”, and above by us, hath been demonstrated: Therefore, I S shall 
descend no farther, but shall rest. And if the Solid I S shall be Sesquialter in 
Gravity to the water, it shall float, as long as its thickness be not above twice as 
much as the greatest Altitude of the Ramparts of water, that is, of A I. For I S 
being Sesquialter in Gravity to the water, and the Altitude O I, being double to I 
A, the Solid submerged A O S B, shall be also Sesquialter in Mass to the Solid I 
S. And because the Air A C, neither increaseth nor diminisheth the ponderosity 
of the Solid I S: Therefore, as much water in quantity as the submerged Mass A 
O S B, weighs as much as the said Mass submerged: And, therefore, that Mass 
shall rest. And briefly in generall. 
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THEOREME. VI. 


The proportion of the greatest thickness of Solids, beyond which encreased they 
sink. 


When ever the excess of the Gravity of the Solid above the Gravity of the Water, 
shall have the same proportion to the Gravity of the Water, that the Altitude of 
the Rampart, hath to the thickness of the Solid, that Solid shall not sink, but 
being never so little thicker it shall. 





Let the Solid I S be superior in Gravity to the water, and of such thickness, 
that the Altitude of the Rampart A I, be in proportion to the thickness of the 
Solid I O, as the excess of the Gravity of the said Solid I S, above the Gravity of 
a Mass of water equall to the Mass I S, is to the Gravity of the Mass of water 
equall to the Mass I S. I say, that the Solid I S shall not sinke, but being never so 
little thicker it shall go to the bottom: For being that as A I is to I O, so is the 
Excess of the Gravity of the Solid I S, above the Gravity of a Mass of water 
equall to the Mass I S, to the Gravity of the said Mass of water: Therefore, 
compounding, as A O is to O I, so shall the Gravity of the Solid I S, be to the 
Gravity of a Mass of water equall to the Mass I S: And, converting, as I O is to 
O A, so shall the Gravity of a Mass of water equall to the Mass I S, be to the 
Gravity of the Solid I S: But as I O is to O A, so is a Mass of water I S, to a Mass 
of water equall to the Mass A B S O: and so is the Gravity of a Mass of water I 
S, to the Gravity of a Mass of water A S: Therefore as the Gravity of a Mass of 
water, equall to the Mass I S, is to the Gravity of the Solid I S, so is the same 
Gravity of a Mass of water I S, to the Gravity of a Mass of Water A S: Therefore 
the Gravity of the Solid I S, is equall to the Gravity of a Mass of water equall to 
the Mass A S: But the Gravity of the Solid I S, is the same with the Gravity of 
the Solid A S, compounded of the Solid I S, and of the Air A B C I. Therefore 
the whole compounded Solid A O S B, weighs as much as the water that would 
be comprised in the place of the said Compound A O S B: And, therefore, it 
shall make an Equilibrium and rest, and that same Solid I O S C shall sinke no 
farther. But if its thickness I O should be increased, it would be necessary also to 
encrease the Altitude of the Rampart A I, to maintain the due proportion: But by 
what hath been supposed, the Altitude of the Rampart A I, is the greatest that the 
Nature of the Water and Air do admit, without the waters repulsing the Air 
adherent to the Superficies of the Solid I C, and possessing the space A I C B: 
Therefore, a Solid of greater thickness than I O, and of the same Matter with the 
Solid I S, shall not rest without submerging, but shall descend to the bottome: 
which was to be demonstrated. In consequence of this that hath been 
demonstrated, sundry and various Conclusions may be gathered, by which the 


truth of my principall Proposition comes to be more and more confirmed, and 
the imperfection of all former Argumentations touching the present Question 
cometh to be discovered. 

And first we gather from the things demonstrated, that, 


THEOREME VII. 
The heaviest Bodies may swimme. 


All Matters, how heavy soever, even to Gold it self, the heaviest of all Bodies, 
known by us, may float upon the Water. 

Because its Gravity being considered to be almost twenty times greater than 
that of the water, and, moreover, the greatest Altitude that the Rampart of water 
can be extended to, without breaking the Contiguity of the Air, adherent to the 
Surface of the Solid, that is put upon the water being predetermined, if we 
should make a Plate of Gold so thin, that it exceeds not the nineteenth part of the 
Altitude of the said Rampart, this put lightly upon the water shall rest, without 
going to the bottom: and if Ebony shall chance to be in sesquiseptimall 
proportion more grave than the water, the greatest thickness that can be allowed 
to a Board of Ebony, so that it may be able to stay above water without sinking, 
would be seaven times more than the height of the Rampart Tinn, v. gr. eight 
times more grave than water, shall swimm as oft as the thickness of its Plate, 
exceeds not the 7th part of the Altitude of the Rampart. 


He elsewhere cites this as a Proposition, therefore I make it of that number. 


And here I will not omit to note, as a second Corrollary dependent upon the 
things demonstrated, that, 


THEOREME VIII. 


Natation and Submersion, collected from the thickness, excluding the length and 
breadth of Plates. 


The Expansion of Figure not only is not the Cause of the Natation of those grave 
Bodies, which otherwise do submerge, but also the determining what be those 
Boards of Ebony, or Plates of Iron or Gold that will swimme, depends not on it, 
rather that same determination is to be collected from the only thickness of those 


Figures of Ebony or Gold, wholly excluding the consideration of length and 
breadth, as having no wayes any share in this Effect. 

It hath already been manifested, that the only cause of the Natation of the said 
Plates, is the reduction of them to be less grave than the water, by means of the 
connexion of that Air, which descendeth together with them, and possesseth 
place in the water; which place so occupyed, if before the circumfused water 
diffuseth it self to fill it, it be capable of as much water, as shall weigh equall 
with the Plate, the Plate shall remain suspended, and sinke no farther. 

Now let us see on which of these three dimensions of the Solid depends the 
terminating, what and how much the Mass of that ought to be, that so the 
assistance of the Air contiguous unto it, may suffice to render it specifically less 
grave than the water, whereupon it may rest without Submersion. It shall 
undoubtedly be found, that the length and breadth have not any thing to do in the 
said determination, but only the height, or if you will the thickness: for, if we 
take a Plate or Board, as for Example, of Ebony, whose Altitude hath unto the 
greatest possible Altitude of the Rampart, the proportion above declared, for 
which cause it swims indeed, but yet not if we never so little increase its 
thickness; I say, that retaining its thickness, and encreasing its Superficies to 
twice, four times, or ten times its bigness, or dminishing it by dividing it into 
four, or six, or twenty, or a hundred parts, it shall still in the same manner 
continue to float: but encreasing its thickness only a Hairs breadth, it will 
alwaies submerge, although we should multiply the Superficies a hundred and a 
hundred times. Now forasmuch as that this is a Cause, which being added, we 
adde also the Effect, and being removed, it is removed; and by augmenting or 
lessening the length or breadth in any manner, the effect of going, or not going 
to the bottom, is not added or removed: I conclude, that the greatness and 
smalness of the Superficies hath no influence upon the Natation or Submersion. 
And that the proportion of the Altitude of the Ramparts of Water, to the Altitude 
of the Solid, being constituted in the manner aforesaid, the greatness or smalness 
of the Superficies, makes not any variation, is manifest from that which hath 
been above demonstrated, and from this, that, The Prisms and Cylinders which 
have the same Base, are in proportion to one another as their heights. Whence 
Cylinders or Prismes”®, namely, the Board, be they great or little, so that they be 
all of equall thickness, have the same proportion to their Conterminall Air, 
which hath for Base the said Superficies of the Board, and for height the 
Ramparts of water; so that alwayes of that Air, and of the Board, Solids, are 
compounded, that in Gravity equall a Mass of water equall to the Mass of the 


Solids, compounded of Air, and of the Board: whereupon all the said Solids do 
in the same manner continue afloat. We will conclude in the third place, that, 


1$ Prismes and Cylinders having the same Base, are to one another as their heights. 
THEOREME. IX. 


All Figures of all Matters, float by hep of the Rampart replenished with Air, and 
some but only touch the water. 


All sorts of Figures of whatsoever Matter, albeit more grave than the Water, do 
by Benefit of the said Rampart, not only float, but some Figures, though of the 
gravest Matter, do stay wholly above Water, wetting only the inferiour Surface 
that toucheth the Water. 

And these shall be all Figures, which from the inferiour Base upwards, grow 
lesser and lesser; the which we shall exemplifie for this time in Piramides or 
Cones, of which Figures the passions are common. We will demonstrate 
therefore, that, 

It is possible to form a Piramide, of any whatsoever Matter preposed, which 
being put with its Base upon the Water, rests not only without submerging, but 
without wetting it more then its Base. 


For the explication of which it is requisite, that we first demonstrate the 
subsequent Lemma, namely, that, 


LEMMA II. 


Solids whose Masses are in contrary proportion to their Specifick Gravities are 
equall in absolute Gravity. 


Solids whose Masses answer in proportion contrarily to their Specificall 
Gravities, are equall in Absolute Gravities. 





Let A C and B be two Solids, and let the Mass A C be to the Mass B, as the 
Specificall Gravity of the Solid B, is to the Specificall Gravity of the Solid A C: 


I say, the Solids A C and B are equall in absolute weight, that is, equally grave. 
For if the Mass A C be equall to the Mass B, then, by the Assumption, the 
Specificall Gravity of B, shall be equall to the Specificall Gravity of A C, and 
being equall in Mass, and of the same Specificall Gravity they shall absolutely 
weigh one as much as another. But if their Masses shall be unequall, let the Mass 
A C be greater, and in it take the part C, equall to the Mass B. 

And, because the Masses B and C are equall; the Absolute weight of B, shall 
have the same proportion to the Absolute weight of C, that the Specificall 
Gravity of B, hath to the Specificall Gravity of C; or of C A, which is the same 
in specie: But look what proportion the Specificall Gravity of B, hath to the 
Specificall Gravity of C A, the like proportion, by the Assumption, hath the 
Mass C A, to the Mass B, that is, to the Mass C: Therefore, the absolute weight 
of B, to the absolute weight of C, is as the Mass A C to the Mass C: But as the 
Mass A C, is to the Mass C, so is the absolute weight of A C, to the absolute 
weight of C: Therefore the absolute weight of B, hath the same proportion to the 
absolute weight of C, that the absolute weight of A C, hath to the absolute 
weight of C: Therefore, the two Solids A C and B are equall in absolute Gravity: 
which was to be demonstrated. 

Having demonstrated this, I say, 


THEOREME X. 


There may be Cones and Piramides of any Matter, which demitted into the 
water, rest only their Bases. 


That it is possible of any assigned Matter, to form a Piramide or Cone upon any 
Base, which being put upon the Water shall not submerge, nor wet any more 
than its Base. 


Er D 
CAIB 


Let the greatest possible Altitude of the Rampart be the Line D B, and the 
Diameter of the Base of the Cone to be made of any Matter assigned B C, at 
right angles to D B: And as the Specificall Gravity of the Matter of the Piramide 
or Cone to be made, is to the Specificall Gravity of the water, so let the Altitude 
of the Rampart D B, be to the third part of the Piramide or Cone A B C, 
described upon the Base, whose Diameter is B C: I say, that the said Cone A B 
C, and any other Cone, lower then the same, shall rest upon the Surface of the 
water B C without sinking. Draw D F parallel to B C, and suppose the Prisme or 
Cylinder E C, which shall be tripple to the Cone A B C. 


And, because the Cylinder D C hath the same proportion to the Cylinder C E, 
that the Altitude D B, hath to the Altitude B E: But the Cylinder C E, is to the 
Cone A B C, as the Altitude E B is to the third part of the Altitude of the Cone: 
Therefore, by Equality of proportion, the Cylinder D C is to the Cone A B C, as 
D B is to the third part of the Altitude B E: But as D B is to the third part of B E, 
so is the Specificall Gravity of the Cone A B C, to the Specificall Gravity of the 
water: Therefore, as the Mass of the Solid D C, is to the Mass of the Cone A B 
C, so is the Specificall Gravity of the said Cone, to the Specificall Gravity of the 
water: Therefore, by the precedent Lemma, the Cone A B C weighs in absolute 
Gravity, as much as a Mass of Water equall to the Mass D C: But the water 
which by the imposition of the Cone A B C, is driven out of its place, is as much 
as would precisely lie in the place D C, and is equall in weight to the Cone that 
displaceth it: Therefore, there shall be an Equilibrium, and the Cone shall rest 
without farther submerging. And its manifest, 


COROLARY I. 
Amongst Cones of the same Base, those of least Altitude shall sink the least. 


That making upon the same Basis, a Cone of a less Altitude, it shall be also less 
grave, and shall so much the more rest without Submersion. 


COROLARY II. 


There may be Cones and Piramides of any Matter, which demitted with the Point 
downwards do float atop. 


It is manifest, also, that one may make Cones and Piramids of any Matter 
whatsoever, more grave than the water, which being put into the water, with the 
Apix or Point downwards, rest without Submersion. 

Because if we reassume what hath been above demonstrated, of Prisms and 
Cylinders, and that on Bases equall to those of the said Cylinders, we make 
Cones of the same Matter, and three times as high as the Cylinders, they shall 
rest afloat, for that in Mass and Gravity they shall be equall to those Cylinders, 
and by having their Bases equall to those of the Cylinders, they shall leave 
equall Masses of Air included within the Ramparts. This, which for Example 
sake hath been demonstrated, in Prisms, Cylinders, Cones and Piramids, might 
be proved in all other Solid Figures, but it would require a whole Volume (such 
is the multitude and variety of their Symptoms and Accidents) to comprehend 
the particuler demonstration of them all, and of their severall Segments: but I 
will to avoid prolixity in the present Discourse, content my self, that by what I 
have declared every one of ordinary Capacity may comprehend, that there is not 
any Matter so grave, no not Gold it self, of which one may not form all sorts of 
Figures, which by vertue of the superiour Air adherent to them, and not by the 
Waters Resistance of Penetration, do remain afloat, so that they sink not. Nay, 
farther, I will shew, for removing that Error, that, 


THEOREME XI. 


A Piramide or Cone, demitted with the Point downwards shal swim, with its 
Base downward shall sink. 


A Piramide or Cone put into the Water, with the Point downward shall swimme, 
and the same put with the Base downwards shall sinke, and it shall be 
impossible to make it float. 

Now the quite contrary would happen, if the difficulty of Penetrating the 
water, were that which had hindred the descent, for that the said Cone is far apter 
to pierce and penetrate with its sharp Point, than with its broad and spacious 
Base. 

And, to demonstrate this, let the Cone be A B C, twice as grave as the water, 
and let its height be tripple to the height of the Rampart D A E C: I say, first, that 
being put lightly into the water with the Point downwards, it shall not descend to 
the bottom: for the Aeriall Cylinder contained betwixt the Ramparts D A C E, is 
equall in Mass to the Cone A B C; so that the whole Mass of the Solid 
compounded of the Air D A C E, and of the Cone A B C, shall be double to the 


Cone A C B: And, because the Cone A B C is supposed to be of Matter double in 
Gravity to the water, therefore as much water as the whole Masse D A B C E, 
placed beneath the Levell of the water, weighs as much as the Cone A B C: and, 
therefore, there shall be an Equilibrium, and the Cone A B C shall descend no 
lower. Now, I say farther, that the same Cone placed with the Base downwards, 
shall sink to the bottom, without any possibility of returning again, by any means 
to swimme. 





Let, therefore, the Cone be A B D, double in Gravity to the water, and let its 
height be tripple the height of the Rampart of water L B: It is already manifest, 
that it shall not stay wholly out of the water, because the Cylinder being 
comprehended betwixt the Ramparts L B D P, equall to the Cone A B D, and the 
Matter of the Cone, beig double in Gravity to the water, it is evident that the 
weight of the said Cone shall be double to the weight of the Mass of water equall 
to the Cylinder L B D P: Therefore it shall not rest in this state, but shall 
descend. 





COROLARY I. 


Much less shall the said Cone swim, if one immerge a part thereof. 


I say farther; that much lesse shall the said Cone stay afloat, if one immerge a 
part thereof. 

Which you may see, comparing with the water as well the part that shall 
immerge as the other above water. Let us therefore of the Cone A B D, 
submergeth part N T O S, and advance the Point N S F above water. 


The Altitude of the Cone F N S, shall either be more than half the whole 
Altitude of the Cone F T O, or it shall not be more: if it shall be more than half, 
the Cone F N S shall be more than half of the Cylinder E N S C: for the Altitude 
of the Cone F N S, shall be more than Sesquialter of the Altitude of the Cylinder 
E N S C: And, because the Matter of the Cone is supposed to be double in 
Specificall Gravity to the water, the water which would be contained within the 
Rampart E N S C, would be less grave absolutely than the Cone F N S; so that 
the whole Cone F N S cannot be sustained by the Rampart: But the part 
immerged N T O S, by being double in Specificall Gravity to the water, shall 
tend to the bottom: Therefore, the whole Cone F T O, as well in respect of the 
part submerged, as the part above water shall descend to the bottom. But if the 
Altitude of the Point F N S, shall be half the Altitude of the whole Cone F T O, 
the same Altitude of the said Cone F N S shall be Sesquialter to the Altitude E 
N: and, therefore, E N S C shall be double to the Cone F N S; and as much water 
in Mass as the Cylinder E N S C, would weigh as much as the part of the Cone F 
N S. But, because the other immerged part N T O S, is double in Gravity to the 
water, a Mass of water equall to that compounded of the Cylinder E N S C, and 
of the Solid N T O S, shall weigh less than the Cone F T O, by as much as the 
weight of a Mass of water equall to the Solid N T O S: Therefore, the Cone 
sha{l}1 also descend. Again, because the Solid N T O S, is septuple to the Cone 
F N S, to which the Cylinder E S is double, the proportion of the Solid N T O S, 
shall be to the Cylinder E N S C, as seaven to two: Therefore, the whole Solid 
compounded of the Cylinder E N S C, and of the Solid N T O S, is much less 
than double the Solid N T O S: Therefore, the single Solid N T O S, is much 
graver than a Mass of water equall to the Mass, compounded of the Cylinder E N 
SC, andof NTOS. 


COROLARY II. 
Part of the Cones towards the Cuspis removed, it shall still sink. 


From whence it followeth, that though one should remove and take away the 
part of the Cone F N S, the sole remainder N T O S would go to the bottom. 


COROLARY III. 


The more the Cone is immerged, the more impossible is its floating. 


And if we should more depress the Cone F T O, it would be so much the more 
impossible that it should sustain it self afloat, the part submerged N T O S still 
encreasing, and the Mass of Air contained in the Rampart diminishing, which 
ever grows less, the more the Cone submergeth. 

That Cone, therefore, that with its Base upwards, and its Cuspis downwards 
doth swimme, being dimitted with its Base downward must of necessity sinke. 
They have argued farre from the truth, therefore, who have ascribed the cause of 
Natation to waters resistance of Division, as to a passive principle, and to the 
breadth of the Figure, with which the division is to be made, as the Efficient. 

I come in the fourth place, to collect and conclude the reason of that which I 
have proposed to the Adversaries, namely, 


THEOREME XII. 


Solids of any Figure & greatnesse, that naturally sink, may by help of the Air in 
the Rampart swimme. 


That it is possible to fof{r}m Solid Bodies, of what Figure and greatness soever, 
that of their own Nature goe to the Bottome; But by the help of the Air contained 
in the Rampart, rest without submerging. 


A 


The truth of this Proposition is sufficiently manifest in all those Solid Figures, 
that determine in their uppermost part in a plane Superficies: for making such 
Figures of some Matter specifically as grave as the water, putting them into the 
water, so that the whole Mass be covered, it is manifest, that they shall rest in all 
places, provided, that such a Matter equall in weight to the water, may be exactly 
adjusted: and they shall by consequence, rest or lie even with the Levell of the 
water, without making any Rampart. If, therefore, in respect of the Matter, such 
Figures are apt to rest without submerging, though deprived of the help of the 


Rampart, it is manifest, that they may admit so much encrease of Gravity, 
(without encreasing their Masses) as is the weight of as much water as would be 
contained within the Rampart, that is made about their upper plane Surface: by 
the help of which being sustained, they shall rest afloat, but being bathed, they 
shall descend, having been made graver than the water. In Figures, therefore, 
that determine above in a plane, we may cleerly comprehend, that the Rampart 
added or removed, may prohibit or permit the descent: but in those Figures that 
go lessening upwards towards the top, some Persons may, and that not without 
much seeming Reason, doubt whether the same may be done, and especially by 
those which terminate in a very acute Point, such as are your Cones and small 
Piramids. Touching these, therefore, as more dubious than the rest, I will 
endeavour to demonstrate, that they also lie under the same Accident of going, 
or not going to the Bottom, be they of any whatever bigness. Let therefore the 
Cone be A B D, made of a matter specifically as grave as the water; it is 
manifest that being put all under water, it shall rest in all places (alwayes 
provided, that it shall weigh exactly as much as the water, which is almost 
impossible to effect) and that any small weight being added to it, it shall sink to 
the bottom: but if it shall descend downwards gently, I say, that it shall make the 
Rampart E S T O, and that there shall stay out of the water the point A S T, 
tripple in height to the Rampart E S: which is manifest, for the Matter of the 
Cone weighing equally with the water, the part submerged S B D T, becomes 
indifferent to move downwards or upwards; and the Cone A S T, being equall in 
Mass to the water that would be contained in the concave of the Rampart E S T 
O, shall be also equall unto it in Gravity: and, therefore, there shall be a perfect 
Equilibrium, and, consequently, a Rest. Now here ariseth a doubt, whether the 
Cone A B D may be made heavier, in such sort, that when it is put wholly under 
water, it goes to the bottom, but yet not in such sort, as to take from the Rampart 
the vertue of sustaining it that it sink not, and, the reason of the doubt is this: that 
although at such time as the Cone A B D is specifically as grave as the water, the 
Rampart E S T O sustaines it, not only when the point A S T is tripple in height to 
the Altitude of the Rampart E S, but also when a lesser part is above water; [for 
although in the Descent of the Cone the Point A S T by little and little 
diminisheth, and so likewise the Rampart E S T O, yet the Point diminisheth in 
greater proportion than the Rampart, in that it diminisheth according to all the 
three Dimensions, but the Rampart according to two only, the Altitude still 
remaining the same; or, if you will, because the Cone S {A} T goes diminishing, 
according to the proportion of the cubes of the Lines that do successively 
become the Diameters of the Bases of emergent Cones, and the Ramparts 


diminish according to the proportion of the Squares of the same Lines; 
whereupon the proportions of the Points are alwayes Sesquialter of the 
proportions of the Cylinders, contained within the Rampart; so that if, for 
Example, the height of the emergent Point were double, or equall to the height of 
the Rampart, in these cases, the Cylinder contained within the Rampart, would 
be much greater than the said Point, because it would be either sesquialter or 
tripple, by reason of which it would perhaps serve over and above to sustain the 
whole Cone, since the part submerged would no longer weigh any thing;] yet, 
nevertheless, when any Gravity is added to the whole Mass of the Cone, so that 
also the part submerged is not without some excesse of Gravity above the 
Gravity of the water, it is not manifest, whether the Cylinder contained within 
the Rampart, in the descent that the Cone shall make, can be reduced to such a 
proportion unto the emergent Point, and to such an excesse of Mass above the 
Mass of it, as to compensate the excesse of the Cones Specificall Gravity above 
the Gravity of the water: and the Scruple ariseth, because that howbeit in the 
descent made by the Cone, the emergent Point A S T diminisheth, whereby there 
is also a diminution of the excess of the Cones Gravity above the Gravity of the 
water, yet the case stands so, that the Rampart doth also contract it self, and the 
Cylinder contained in it doth deminish. Nevertheless it shall be demonstrated, 
how that the Cone A B D being of any supposed bignesse, and made at the first 
of a Matter exactly equall in Gravity to the Water, if there may be affixed to it 
some Weight, by means of which i{t} may descend to the bottom, when 
submerged under water, it may also by vertue of the Rampart stay above without 
sinking. 





Let, therefore, the Cone A B D be of any supposed greatnesse, and alike in 
specificall Gravity to the water. It is manifest, that being put lightly into the 
water, it shall rest without descending; and it shall advance above water, the 
Point A S T, tripple in height to the height of the Rampart E S: Now, suppose the 


Cone A B D more depressed, so that it advance above water, only the Point A I 
R, higher by half than the Point A S T, with the Rampart about it C I R N. And, 
because, the Cone A B D is to the Cone A I R, as the cube of the Line S T is to 
the cube of the Line I R, but the Cylinder E S T O, is to the Cylinder C I R N, as 
the Square of S T to the Square of I R, the Cone A S T shall be Octuple to the 
Cone A I R, and the Cylinder E S T O, quadruple to the Cylinder C I R N: But the 
Cone A S T, is equall to the Cylinder E S T O: Therefore, the Cylinder C I R N, 
shall be double to the Cone A I R: and the water which might be contained in the 
Rampart C I R N, would be double in Mass and in Weight to the Cone A I R, 
and, therefore, would be able to sustain the double of the Weight of the Cone A I 
R: Therefore, if to the whole Cone A B D, there be added as much Weight as the 
Gravity of the Cone A I R, that is to say, the eighth part of the weight of the 
Cone A S T, it also shall be sustained by the Rampart C I R N, but without that it 
shall go to the bottome: the Cone A B D, being, by the addition of the eighth part 
of the weight of the Cone A S T, made specifically more grave than the water. 
But if the Altitude of the Cone A I R, were two thirds of the Altitude of the Cone 
A S T, the Cone A S T would be to the Cone A I R, as twenty seven to eight; and 
the Cylinder E S T O, to the Cylinder C I R N, as nine to four, that is, as twenty 
seven to twelve; and, therefore, the Cylinder C I R N, to the Cone A I R, as 
twelve to eight; and the excess of the Cylinder C I R N, above the Cone A I R, to 
the Cone A S T, as four to twenty seven: therefore if to the Cone A B D be added 
so much weight as is the four twenty sevenths of the weight of the Cone A S T, 
which is a little more then its seventh part, it also shall continue to swimme, and 
the height of the emergent Point shall be double to the height of the Rampart. 
This that hath been demonstrated in Cones, exactly holds in Piramides, although 
the one or the other should be very sharp in their Point or Cuspis’’: From whence 
we conclude, that the same Accident shall so much the more easily happen in all 
other Figures, by how much the less sharp the Tops shall be, in which they 
determine, being assisted by more spacious Ramparts. 





7 Natatio{n} easiest effected in Figures broad toward the top. 
THEOREME XIII. 
All Figures sink or swim, upon bathing or not bathing of their tops. 


All Figures, therefore, of whatever greatnesse, may go, and not go, to the 
Bottom, according as their Sumities or Tops shall be bathed or not bathed. 

And this Accident being common to all sorts of Figures, without exception of 
so much as one. Figure hath, therefore, no part in the production of this Effect, 
of sometimes sinking, and sometimes again not sinking, but only the being 
sometimes conjoyned to, and sometimes seperated from, the supereminent Air: 
which cause, in fine, who so shall rightly, and, as we say, with both his Eyes, 
consider this business, will find that it is reduced to, yea, that it really is the same 
with, the true, Naturall and primary cause of Natation or Submersion; to wit, the 
excess or deficiency of the Gravity of the water, in relation to the Gravity of that 
Solid Magnitude, that is demitted into the water. For like as a Plate of Lead, as 
thick as the back of a Knife, which being put into the water by it self alone goes 
to the bottom, if upon it you fasten a piece of Cork four fingers thick, doth 
continue afloat, for that now the Solid that is demitted in the water, is not, as 
before, more grave than the water, but less, so the Board of Ebony, of its own 
nature more grave than water; and, therefore, descending to the bottom, when it 
is demitted by it self alone into the water, if it shall be put upon the water, 
conjoyned with an Expanded vail of Air, that together with the Ebony doth 
descend, and that it be such, as that it doth make with it a compound less grave 
than so much water in Mass, as equalleth the Mass already submerged and 
depressed beneath the Levell of the waters Surface, it shall not descend any 
farther, but shall rest, for no other than the universall and most common cause, 


which is that Solid Magnitudes, less grave in specie than the water, go not to the 
bottom. 

So that if one should take a Plate of Lead, as for Example, a finger thick, and 
an handfull broad every way, and should attempt to make it swimme, with 
putting it lightly on the water, he would lose his Labour, because that if it should 
be depressed an Hairs breadth beyond the possible Altitude of the Ramparts of 
water, it would dive and sink; but if whilst it is going downwards, one should 
make certain Banks or Ramparts about it, that should hinder the defusion of the 
water upon the said Plate, the which Banks should rise so high, as that they 
might be able to contain as much water, as should weigh equally with the said 
Plate, it would, witho{u}t all Question, descend no lower, but would rest, as 
being sustained by vertue of the Air contained within the aforesaid Ramparts: 
and, in short, there would be a Vessell by this means formed with the bottom of 
Lead. But if the thinness of the Lead shall be such, that a very small height of 
Rampart would suffice to contain so much Air, as might keep it afloat, it shall 
also rest without the Artificiall Banks or Ramparts, but yet not without the Air, 
because the Air by it self makes Banks sufficient for a small height, to resist the 
Superfusion of the water: so that that which in this case swimmes, is as it were a 
Vessell filled with Air, by vertue of which it continueth afloat. 

I will, in the last place, with an other Experime{n}t, attempt to remove all 
difficulties, if so be there should yet be any doubt left in any one, touching the 
opperation of this "Continuity of the Air, with the thin Plate which swims, and 
afterwards put an end to this part of my discourse. 


E Or rather Contiguity, 


I suppose my self to be questioning with some of my Oponents. 

Whether Figure have any influence upon the encrease or diminution of the 
Resistance in any Weight against its being raised in the Air”; and I suppose, that 
I am to maintain the Affirmative, asserting that a Mass of Lead, reduced to the 
Figure of a Ball, shall be raised with less force, then if the same had been made 
into a thinne and broad Plate, because that it in this spacious Figure, hath a great 
quantity of Air to penetrate, and in that other, more compacted and contracted 
very little: and to demonstrate the truth of such my Opinion, I will hang in a 
small thred first the Ball or Bullet, and put that into the water, tying the thred 
that upholds it to one end of the Ballance that I hold in the Air, and to the other 
end I by degrees adde so much Weight, till that at last it brings up the Ball of 
Lead out of the water: to do which, suppose a Gravity of thirty Ounces sufficeth; 
I afterwards reduce the said Lead into a flat and thinne Plate, the which I 


likewise put into the water, suspended by three threds, which hold it parallel to 
the Surface of the water, and putting in the same manner, Weights to the other 
end, till such time as the Plate comes to be raised and drawn out of the water: I 
finde that thirty six ounces will not suffice to seperate it from the water, and 
raise it thorow the Air: and arguing from this Experiment, I affirm, that I have 
fully demonstrated the truth of my Proposition. Here my Oponents desires me to 
look down, shewing me a thing which I had not before observed, to wit, that in 
the Ascent of the Plate out of the water, it draws after it another Plate (if I may so 
call it) of water, which before it divides and parts from the inferiour Surface of 
the Plate of Lead, is raised above the Levell of the other water, more than the 
thickness of the back of a Knife: Then he goeth to repeat the Experiment with 
the Ball, and makes me see, that it is but a very small quantity of water, which 
cleaves to its compacted and contracted Figure: and then he subjoynes, that its 
no wonder, if in seperating the thinne and broad Plate from the water, we meet 
with much greater Resistance, than in seperating the Ball, since together with the 
Plate, we are to raise a great quantity of water, which occurreth not in the Ball: 
He telleth me moreover, how that our Question is, whether the Resistance of 
Elevation be greater in a dilated Plate of Lead, than in a Ball, and not whether 
more resisteth a Plate of Lead with a great quantity of water, or a Ball with a 
very little water: He sheweth me in the close, that the putting the Plate and the 
Ball first into the water, to make proofe thereby of their Resistance in the Air, is 
besides our case, which treats of Elivating in the Air, and of things placed in the 
Air, and not of the Resistance that is made in the Confines of the Air and water, 
and by things which are part in Air and part in water: and lastly, they make me 
feel with my hand, that when the thinne Plate is in the Air, and free from the 
weight of the water, it is raised with the very same Force that raiseth the Ball. 
Seeing, and understanding these things, I know not what to do, unless to grant 
my self convinced, and to thank such a Friend, for having made me to see that 
which I never till then observed: and, being advertised by this same Accident, to 
tell my Adversaries, that our Question is, whether a Board and a Ball of Ebony, 
equally go to the bottom in water, and not a Ball of Ebony and a Board of 
Ebony, joyned with another flat Body of Air: and, farthermore, that we speak of 
sinking, and not sinking to the bottom, in water, and not of that which happeneth 
in the Confines of the water and Air to Bodies that be part in the Air, and part in 
the water; nor much less do we treat of the greater or lesser Force requisite in 
seperating this or that Body from the Air; not omitting to tell them, in the last 
place, that the Air doth resist, and gravitate downwards in the water, just so 
much as the water (if I may so speak) gravitates and resists upwards in the Air, 
and that the same Force is required to sinke a Bladder under water, that is full of 


Air, as to raise it in the Air, being full of water, removing the consideration of 
the weight of that Filme or Skinne, and considering the water and the Air only. 
And it is likewise true, that the same Force is required to sink a Cup or such like 
Vessell under water, whilst it is full of Air, as to raise it above the Superficies of 
the water, keeping it with the mouth downwards; whilst it is full of water, which 
is constrained in the same manner to follow the Cup which contains it, and to 
rise above the other water into the Region of the Air, as the Air is forced to 
follow the same Vessell under the Surface of the water, till that in this c{a}se the 
water, surmounting the brimme of the Cup, breaks in, driving thence the Air, and 
in that case, the said brimme coming out of the water, and arriving to the 
Confines of the Air, the water falls down, and the Air subenters to fill the cavity 
of the Cup: upon which ensues, that he no less transgresses the Articles of the 
Convention, who produceth a Plate conjoyned with much Air, to see if it descend 
to the bottom in water, then he that makes proof of the Resistance against 
Elevation in Air with a Plate of Lead, joyned with a like quantity of water. 


78 An Experiment of the operation of Figures, in encreasing or lessening of the Airs Resistance of Division. 
Aristotles opinion touching the Operation of Figure examined. 


I have said all that I could at present think of, to maintain the Assertion I have 
undertook. It remains, that I examine that which Aristotle hath writ of this matter 
towards the end of his Book De Cælo”; wherein I shall note two things: the one 
that it being true as hath been demonstrated, that Figure hath nothing to do about 
the moving or not moving it self upwards or downwards, its seemes that 
Aristotle at his first falling upon this Speculation, was of the same opinion, as in 
my opinion may be collected from the examination of his words. ’Tis true, 
indeed, that in essaying afterwards to render a reason of such effect, as not 
having in my conceit hit upon the right, (which in the second place I will 
examine) it seems that he is brought to admit the largenesse of Figure, to be 
interessed in this operation. As to the first particuler, hear the precise words of 
Aristotle. 


73 Aristot. de Cælo Lib. 4. Cap 6. 


Figures are not the Causes of moving simply upwards or downwards, but of 
moving more slowly or swiftly®%, and by what means this comes to pass, it is not 
difficult to see. 


80 ,.. ‘ ‘ : ; 
Aristotle makes not Figure the cause of Motion absolutely, but of swift or slow motion, 


Re Lib. 4. Cap. 6: Text. 42. 


Here first I note, that the terms being four, which fall under the present 
consideration, namely, Motion, Rest, Slowly and Swiftly: And Aristotle naming 
figures as Causes of Tardity and Velocity, excluding them from being the Cause 
of absolute and simple Motion, it seems necessary, that he exclude them on the 
other side, from being the Cause of Rest, so that his meaning is this. Figures are 
not the Causes of moving or not moving absolutely, but of moving quickly or 
slowly: and, here, if any should say the mind of Aristotle is to exclude Figures 
from being Causes of Motion, but yet not from being Causes of Rest, so that the 
sence would be to remove from Figures, there being the Causes of moving 
simply, but yet not there being Causes of Rest, I would demand, whether we 
ought with Aristotle to understand, that all Figures universally, are, in some 
manner, the causes of Rest in those Bodies, which otherwise would move, or 
else some particular Figures only, as for Example, broad and thinne Figures: If 
all indifferently, then every Body shall rest: because every Body hath some 
Figure, which is false; but if some particular Figures only may be in some 
manner a Cause of Rest, as, for Example, the broad, then the others would be in 
some manner the Causes of Motion: for if from seeing some Bodies of a 
contracted Figure move, which after dilated into Plates rest, may be inferred, that 
the Amplitude of Figure hath a part in the Cause of that Rest; so from seeing 
such like Figures rest, which afterwards contracted move, it may with the same 
reason be affirmed, that the united and contracted Figure, hath a part in causing 
Motion, as the remover of that which impeded it: The which again is directly 
opposite to what Aristotle saith, namely, that Figures are not the Causes of 
Motion. Besides, if Aristotle had admitted and not excluded Figures from being 
Causes of not moving in some Bodies, which moulded into another Figure 
would move, he would have impertinently propounded in a dubitative manner, in 
the words immediately following, whence it is, that the large and thinne Plates of 
Lead or Iron, rest upon the water, since the Cause was apparent, namely, the 
Amplitude of Figure. Let us conclude, therefore, that the meaning of Aristotle in 
this place is to affirm, that Figures are not the Causes of absolutely moving or 
not moving, but only of moving swiftly or slowly: which we ought the rather to 
believe, in regard it is indeed a most true conceipt and opinion. Now the mind of 
Aristotle being such, and appearing by consequence, rather contrary at the first 
sight, then favourable to the assertion of the Oponents, it is necessary, that their 
Interpretation be not exactly the same with that, but such, as being in part 


understood by some of them, and in part by others, was set down: and it may 
easily be indeed so, being an Interpretation consonent to the sence of the more 
famous Interpretors, which is, that the Adverbe Simply or Absolutely, put in the 
Text, ought not to be joyned to the Verbe to Move, but with the Noun Causes: so 
that the purport of Aristotles words, is to affirm, That Figures are not the Causes 
absolutely of moving or not moving, but yet are Causes Secundum quid, viz. in 
some sort; by which means, they are called Auxiliary and Concomitant Causes: 
and this Proposition is received and asserted as true by Signor Buonamico Lib. 5. 
Cap. 28. where he thus writes. 

There are other Causes concomitant, by which some things float, and others 
sink, among which the Figures of Bodies hath the first place, &c. 

Concerning this Proposition, I meet with many doubts and difficulties, for 
which me thinks the words of Aristotle are not capable of such a construction 
and sence, and the difficulties are these. 

First in the order and disposure of the words of Aristotle, the particle 
Simpliciter, or if you will absoluté, is conjoyned with the Verb to move, and 
seperated from the Noun Causes, the which is a great presumption in my favour, 
seeing that the writing and the Text saith, Figures are not the Cause of moving 
simply upwards or downwards, but of quicker or slower Motion: and, saith not, 
Figures are not simply the Causes of moving upwards or downwards, and when 
the words of a Text receive, transposed, a sence different from that which they 
sound, taken in the order wherein the Author disposeth them, it is not convenient 
to inverte them. And who will affirm that Aristotle desiring to write a 
Proposition, would dispose the words in such sort, that they should import a 
different, nay, a contrary sence? contrary, I say, because understood as they are 
written; they say, that Figures are not the Causes of Motion, but inverted, they 
say, that Figures are the Causes of Motion, &c. 

Moreover, if the intent of Aristotle had been to say, that Figures are not 
simply the Causes of moving upwards or downwards, but only Causes Secundum 
quid, he would not have adjoyned those words, but they are Causes of the more 
swift or slow Motion; yea, the subjoining this would have been not only 
superfluous but false, for that the whole tenour of the Proposition would import 
thus much. Figures are not the absolute Causes of moving upwards or 
downwards, but are the absolute Cause of the swift or slow Motion; which is not 
true: because the primary Causes of greater or lesser Velocity, are by Aristotle in 
the 4th of his Physicks, Text. 71. attributed to the greater or lesser Gravity of 
Moveables, compared among themselves, and to the greater or lesser Resistance 
of the Medium’s, depending on their greater or less Crassitude: and these are 


inserted by Aristotle as the primary Causes; and these two only are in that place 
nominated: and Figure comes afterwards to be considered, Text. 74. rather as an 
Instrumentall Cause of the force of the Gravity, the which divides either with the 
Figure, or with the Impetus; and, indeed, Figure by it self without the force of 
Gravity or Levity, would opperate nothing. 

I adde, that if Aristotle had an opinion that Figure had been in some sort the 
Cause of moving or not moving, the inquisition which he makes immediately in 
a doubtfull manner, whence it comes, that a Plate of Lead flotes, would have 
been impertinent; for if but just before he had said, that Figure was in a certain 
sort the Cause of moving or not moving, he needed not to call in Question, by 
what Cause the Plate of Lead swims, and then ascribing the Cause to its Figure; 
and framing a discourse in this manner. Figure is a Cause Secundum quid of not 
sinking: but, now, if it be doubted, for what Cause a thin Plate of Lead goes not 
to the bottom; it shall be answered, that that proceeds from its Figure: a 
discourse which would be indecent in a Child, much more in Aristotle; For 
where is the occasion of doubting? And who sees not, that if Aristotle had held, 
that Figure was in some sort a Cause of Natation, he would without the least 
Hesitation have writ; That Figure is in a certain sort the Cause of Natation, and 
therefore the Plate of Lead in respect of its large and expatiated Figure swims; 
but if we take the proposition of Aristotle as I say, and as it is written, and as 
indeed it is true, the ensuing words come in very oppositely, as well in the 
introduction of swift and slow, as in the question, which very pertinently offers it 
self, and would say thus much. 

Figures are not the Cause of moving or not moving simply upwards or 
downwards, but of moving more quickly or slowly: But if it be so, the Cause is 
doubtfull, whence it proceeds, that a Plate of Lead or of Iron broad and thin doth 
swim, &c. And the occasion of the doubt is obvious, because it seems at the first 
glance, that the Figure is the Cause of this Natation, since the same Lead, or a 
less quantity, but in another Figure, goes to the bottom, and we have already 
affirmed, that the Figure hath no share in this effect. 

Lastly, if the intent of Aristotle in this place had been to say, that Figures, 
although not absolutely, are at least in some measure the Cause of moving or not 
moving: I would have it considered, that he names no less the Motion upwards, 
than the other downwards: and because in exemplifying it afterwards, he 
produceth no other Experiments than of a Plate of Lead, and Board of Ebony, 
Matters that of their own Nature go to the bottom, but by vertue (as our 
Adversaries say) of their Figure, rest afloat; it is fit that they should produce 
some other Experiment of those Matters, which by their Nature swims, but 


retained by their Figure rest at the bottom. But since this is impossible to be 
done, we conclude, that Aristotle in this place, hath not attributed any action to 
the Figure of simply moving or not moving. 

But though he hath exquisitely Philosophiz’d, in investigating the solution of 
the doubts he proposeth, yet will I not undertake to maintain, rather various 
difficulties, that present themselves unto me, give me occasion of suspecting that 
he hath not entirely displaid unto us, the true Cause of the present Conclusion: 
which difficulties I will propound one by one, ready to change opinion, 
whenever I am shewed, that the Truth is different from what I say; to the 
confession whereof I am much more inclinable than to contradiction. 


Aristotle erred in affirming a Needle dimitted long wayes to sink. 


Aristotle having propounded the Question, whence it proceeds, that broad Plates 
of Iron or Lead, float or swim; he addeth (as it were strengthening the occasion 
of doubting) forasmuch as other things, less, and less grave, be they round or 
long, as for instance a Needle go to the bottom. Now I here doubt, or rather am 
certain that a Needle put lightly upon the water, rests afloat, no less than the thin 
Plates of Iron or Lead. I cannot believe, albeit it hath been told me, that some to 
defend Aristotle should say, that he intends a Needle demitted not longwayes but 
endwayes, and with the Point downwards; nevertheless, not to leave them so 
much as this, though very weak refuge, and which in my judgement Aristotle 
himself would refuse, I say it ought to be understood, that the Needle must be 
demitted, according to the Dimension named by Aristotle, which is the length: 
because, if any other Dimension than that which is named, might or ought to be 
taken, I would say, that even the Plates of Iron and Lead, sink to the bottom, if 
they be put into the water edgewayes and not flatwayes. But because Aristotle 
saith, broad Figures go not to the bottom, it is to be understood, being demitted 
broadwayes: and, therefore, when he saith, long Figures as a Needle, albeit light, 
rest not afloat, it ought to be understood of them when demitted longwayes. 
Moreover, to say that Aristotle is to be understood of the Needle demitted 
with the Point downwards, is to father upon him a great impertinency; for in this 
place he saith, that little Particles of Lead or Iron, if they be round or long as a 
Needle, do sink to the bottome; so that by his Opinion, a Particle or small Grain 
of Iron cannot swim: and if he thus believed, what a great folly would it be to 
subjoyn, that neither would a Needle demitted endwayes swim? And what other 
is such a Needle, but many such like Graines accumulated one upon another? It 


was too unworthy of such a man to say, that one single Grain of Iron could not 
swim, and that neither can it swim, though you put a hundred more upon it. 

Lastly, either Aristotle believed, that a Needle demitted longwayes upon the 
water, would swim, or he believed that it would not swim: If he believed it 
would not swim, he might well speak as indeed he did; but if he believed and 
knew that it would float, why, together with the dubious Problem of the Natation 
of broad Figures, though of ponderous Matter, hath he not also introduced the 
Question; whence it proceeds, that even long and slender Figures, howbeit of 
Iron or Lead do swim? And the rather, for that the occasion of doubting seems 
greater in long and narrow Figures, than in broad and thin, as from Aristotles not 
having doubted of it, is manifested. 

No lesser an inconvenience would they fasten upon Aristotle, who in his 
defence should say, that he means a Needle pretty thick, and not a small one; for 
take it for granted to be intended of a small one; and it shall suffice to reply, that 
he believed that it would swim; and I will again charge him with having avoided 
a more wonderfull and intricate Probleme, and introduced the more facile and 
less wonderfull. 

We say freely therefore, that Aristotle did hold, that only the broad Figure did 
swim, but the long and slender, such as a Needle, not. The which nevertheless is 
false, as it is also false in round Bodies: because, as from what hath been 
predemonstrated, may be gathered, little Balls of Lead and Iron, do in like 
manner swim. 


Aristotle affirmeth some Bodies volatile for their Minuity, Text. 42. 


He proposeth likewise another Conclusion, which likewise seems different from 
the truth, and it is, That some things, by reason of their littleness fly in the Air, 
as the small dust of the Earth, and the thin leaves of beaten Gold: but in my 
Opinion, Experience shews us, that that happens not only in the Air, but also in 
the water, in which do descend, even those Particles or Atomes of Earth, that 
disturbe it, whose minuity is such, that they are not deservable, save only when 
they are many hundreds together. Therefore, the dust of the Earth, and beaten 
Gold, do not any way sustain themselves in the Air, but descend downwards, and 
only fly to and again in the same, when strong Windes raise them, or other 
agitations of the Air commove them: and this also happens in the commotion of 
the water, which raiseth its Sand from the bottom, and makes it muddy. But 
Aristotle cannot mean this impediment of the commotion, of which he makes no 
mention, nor names other than the lightness of such Minutie or Atomes, and the 


Resistance of the Crassitudes of the Water and Air, by which we see, that he 

speakes of a calme, and not disturbed and agitated Air: but in that case, neither 

Gold nor Earth, be they never so small, are sustained, but speedily descend. 
Democritus placed the Cause of Natation in certain fiery Atomes. 


He passeth next to confute Democritus, which, by his Testimony would have it, 
that some Fiery Atomes, which continually ascend through the water, do spring 
upwards, and sustain those grave Bodies, which are very broad, and that the 
narrow descend to the bottom, for that but a small quantity of those Atomes, 
encounter and resist them. 


Aristot. De Celo lib. 4. cap. 6. text. 43. 


I say, Aristotle confutes this position®, saying, that that should much more 
occurre in the Air, as the same Democritus instances against himself, but after he 
had moved the objection, he slightly resolves it, with saying, that those 
Corpuscles which ascend in the Air, make not their Impetus conjunctly. Here I 
will not say, that the reason alledged by Democritus is true™, but I will only say, 
it seems in my judgement, that it is not wholly confuted by Aristotle, whilst he 
saith, that were it true, that the calid ascending Atomes, should sustain Bodies 
grave, but very broad, it would much more be done in the Air, than in Water, for 
that haply in the Opinion of Aristotle, the said calid Atomes ascend with much 
greater Force and Velocity through the Air, than through the water. And if this 
be so, as I verily believe it is, the Objection of Aristotle in my judgement seems 
to give occasion of suspecting, that he may possibly be deceived in more than 
one particular: First, because those calid Atomes, (whether they be Fiery 
Corpuscles, or whether they be Exhalations, or in short, whatever other matter 
they be, that ascends upwards through the Air) cannot be believed to mount 
faster through Air, than through water: but rather on the contrary, they 
peradventure move more impetuously through the water, than through the Air, as 
hath been in part demonstrated above. And here I cannot finde the reason, why 
Aristotle seeing, that the descending Motion of the same Moveable, is more swift 
in Air, than in water, hath not advertised us, that from the contrary Motion, the 
contrary should necessarily follow; to wit, that it is more swift in the water, than 
in the Air: for since that the Moveable which descendeth, moves swifter through 
the Air, than through the water, if we should suppose its Gravity gradually to 
diminish, it would first become such, that descending swiftly through the Air, it 
would descend but slowly through the water: and then again, it might be such, 
that descending in the Air, it should ascend in the water: and being made yet less 


grave, it shall ascend swiftly through the water, and yet descend likewise 
through the Air: and in short, before it can begin to ascend, though but slowly 
through the Air, it shall ascend swiftly through the water: how then is it true, that 
ascending Moveables move swifter through the Air, than through the water? 


Democritus confuted by Aristotle, text 43. 


ga Aristotles confutation of Democritus refuted by the Author. 


That which hath made Aristotle believe, the Motion of Ascent to be swifter in 
Air, than in water, was first, the having referred the Causes of slow and quick, as 
well in the Motion of Ascent, as of Descent, only to the diversity of the Figures 
of the Moveable, and to the more or less Resistance of the greater or lesser 
Crassitude, or Rarity of the Medium; not regarding the comparison of the 
Excesses of the Gravities of the Moveables, and of the Mediums: the which 
notwithstanding, is the most principal point in this affair: for if the augmentation 
and diminution of the Tardity or Velocity, should have only respect to the 
Density or Rarity of the Medium, every Body that descends in Air, would 
descend in water: because whatever difference is found between the Crassitude 
of the water, and that of the Air, may well be found between the Velocity of the 
same Moveable in the Air, and some other Velocity: and this should be its 
proper Velocity in the water, which is absolutely false. The other occasion is, 
that he did believe, that like as there is a positive and intrinsecall Quality, 
whereby Elementary Bodies have a propension of moving towards the Centre of 
the Earth, so there is another likewise intrinsecall®, whereby some of those 
Bodies have an Impetus of flying the Centre, and moving upwards: by Vertue of 
which intrinsecall Principle, called by him Levity, the Moveables which have 
that same Motion more easily penetrate the more subtle Medium, than the more 
dense: but such a Proposition appears likewise uncertain, as I have above hinted 
in part, and as with Reasons and Experiments, I could demonstrate, did not the 
present Argument importune me, or could I dispatch it in few words. 


8> Lib. 4. Cap. 5. 


The Objection therefore of Aristotle against Democritus, whilst he saith, that 
if the Fiery ascending Atomes should sustain Bodies grave, but of a distended 
Figure, it would be more observable in the Air than in the water, because such 
Corpuscles move swifter in that, than in this, is not good; yea the contrary would 
evene, for that they ascend more slowly through the Air: and, besides their 


moving slowly, they ascend, not united together, as in the water, but discontinue, 
and, as we say, scatter: And, therefore, as Democritus well replyes, resolving the 
instance they make not their push or Impetus conjunctly. 

Aristotle, in the second place, deceives himself, whilst he will have the said 
grave Bodies to be more easily sustained by the said Fiery ascending Atomes in 
the Air than in the Water: not observing, that the said Bodies are much more 
grave in that, than in this, and that such a Body weighs ten pounds in the Air, 
which will not in the water weigh 1/2 an ounce; how can it then be more easily 
sustained in the Air, than in the Water? 


Democritus confuted by the Authour. 


Let us conclude, therefore, that Democritus hath in this particular better 
Philosophated than Aristotle. But yet will not I affirm, that Democritus hath 
reason’d rightly, but I rather say, that there is a manifest Experiment that 
overthrows his Reason, and this it is, That if it were true, that calid ascending 
Atomes should uphold a Body, that if they did not hinder, would go to the 
bottom, it would follow, that we may find a Matter very little superiour in 
Gravity to the water, the which being reduced into a Ball, or other contracted 
Figure, should go to the bottom, as encountring but few Fiery Atomes; and 
which being distended afterwards into a dilated and thin Plate, should come to be 
thrust upwards by the impulsion of a great Multitude of those Corpuscles, and at 
last carried to the very Surface of the water: which wee see not to happen; 
Experience shewing us, that a Body v. gra. of a Sphericall Figure, which very 
hardly, and with very great leasure goeth to the bottom, will rest there, and will 
also descend thither, being reduced into whatsoever other distended Figure. 

We must needs say then, either that in the water, there are no such ascending 
Fiery Atoms, or if that such there be, that they are not able to raise and lift up 
any Plate of a Matter, that without them would go to the bottom: Of which two 
Positions, I esteem the second to be true, understanding it of water, constituted in 
its naturall Coldness. But if we take a Vessel of Glass, or Brass, or any other 
hard matter, full of cold water, within which is put a Solid of a flat or concave 
Figure, but that in Gravity exceeds the water so little, that it goes slowly to the 
bottom; I say, that putting some burning Coals under the said Vessel, as soon as 
the new Fiery Atomes shall have penetrated the substance of the Vessel, they 
shall without doubt, ascend through that of the water, and thrusting against the 
foresaid Solid, they shall drive it to the Superficies, and there detain it, as long as 
the incursions of the said Corpuscles shall last, which ceasing after the removall 


of the Fire, the Solid being abandoned by its supporters, shall return to the 
bottom. 

But Democritus notes, that this Cause only takes place when we treat of 
raising and sustaining of Plates of Matters, but very little heavier than the water, 
or extreamly thin: but in Matters very grave, and of some thickness, as Plates of 
Lead or other Mettal, that same Effect wholly ceaseth: In Testimony of which, 
let’s observe that such Plates, being raised by the Fiery Atomes, ascend through 
all the depth of the water, and stop at the Confines of the Air, still staying under 
water: but the Plates of the Opponents stay not, but only when they have their 
upper Superficies dry, nor is there any means to be used, that when they are 
within the water, they may not sink to the bottom. 

The cause, therefore, of the Supernatation of the things of which Democritus 
speaks is one, and that of the Supernatation of the things of which we speak is 
another. But, returning to Aristotle®®, methinks that he hath more weakly 
confuted Democritus, than Democritus himself hath done: For Aristotle having 
propounded the Objection which he maketh against him, and opposed him with 
saying, that if the calid ascendent Corpuscles were those that raised the thin 
Plate, much more then would such a Solid be raised and born upwards through 
the Air, it sheweth that the desire in Aristotle to detect Democritus, was 
predominate over the exquisiteness of Solid Philosophizing: which desire of his 
he hath discovered in other occasions, and that we may not digress too far from 
this place, in the Text precedent to this Chapter which we have in hand*’; where 
he attempts to confute the same Democritus for that he, not contenting himself 
with names only, had essayed more particularly to declare what things Gravity 
and Levity were; that is, the Causes of descending and ascending, (and had 
introduced Repletion and Vacuity) ascribing this to Fire, by which it moves 
upwards, and that to the Earth, by which it descends; afterwards attributing to 
the Air more of Fire, and to the water more of Earth. But Aristotle desiring a 
positive Cause, even of ascending Motion, and not as Plato, or these others, a 
simple negation, or privation, such as Vacuity would be in reference to 
Repletion®®, argueth against Democritus and saith: If it be true, as you suppose, 
then there shall be a great Mass of water, which shall have more of Fire, than a 
small Mass of Air, and a great Mass of Air, which shall have more of Earth than 
a little Mass of water, whereby it would ensue, that a great Mass of Air, should 
come more swiftly downwards, than a little quantity of water: But that is never 
in any case soever: Therefore Democritus discourseth erroneously. 


86 ,. . ; i i P. $ ; 
Aristotle shews his desire of finding Democritus in an Error, to exceed that of discovering Truth. 


37 Cap. 5. Text 41. 


88 Td. ibid. 


But in my opinion, the Doctrine of Democritus is not by this allegation 
overthrown, but if I erre not, the manner of Aristotle deduction either concludes 
not, or if it do conclude any thing, it may with equall force be restored against 
himself. Democritus will grant to Aristotle, that there may be a great Mass of Air 
taken, which contains more Earth, than a small quantity of water, but yet will 
deny, that such a Mass of Air, shall go faster downwards than a little water, and 
that for many reasons. First, because if the greater quantity of Earth, contained in 
the great Mass of Air, ought to cause a greater Velocity than a less quantity of 
Earth, contained in a little quantity of water, it would be necessary, first, that it 
were true, that a greater Mass of pure Earth, should move more swiftly than a 
less: But this is false, though Aristotle in many places affirms it to be true: 
because not the greater absolute, but the greater specificall Gravity, is the cause 
of greater Velocity®: nor doth a Ball of Wood, weighing ten pounds, descend 
more swiftly than one weighing ten Ounces, and that is of the same Matter: but 
indeed a Bullet of Lead of four Ounces, descendeth more swiftly than a Ball of 
Wood of twenty Pounds: because the Lead is more grave in specie than the 
Wood. Therefore, its not necessary, that a great Mass of Air, by reason of the 
much Earth contained in it, do descend more swiftly than a little Mass of water”, 
but on the contrary, any whatsoever Mass of water, shall move more swiftly than 
any other of Air, by reason the participation of the terrene parts in specie is 
greater in the water, than in the Air. Let us note, in the second place, how that in 
multiplying the Mass of the Air, we not only multiply that which is therein of 
terrene, but its Fire also: whence the Cause of ascending, no less encreaseth, by 
vertue of the Fire, than that of descending on the account of its multiplied Earth. 
It was requisite in increasing the greatness of the Air, to multiply that which it 
hath of terrene only, leaving its Fire in its first state, for then the terrene parts of 
the augmented Air, overcoming the terrene parts of the small quantity of water, 
it might with more probability have been pretended, that the great quantity of 
Air, ought to descend with a greater Impetus, than the little quantity of water. 


89 The greater Specificall, not the greater absolute Gravity, is the Cause of Velocity. 


39 Any Mass of water shal move more swiftly, than any of Air, and why. 


Therefore, the Fallacy lyes more in the Discourse of Aristotle, than in that of 
Democritus, who with severall other Reasons might oppose Aristotle, and 
alledge; If it be true, that the extreame Elements be one simply grave, and the 
other simply light, and that the mean Elements participate of the one, and of the 
other Nature; but the Air more of Levity, and the water more of Gravity, then 
there shall be a great Mass of Air, whose Gravity shall exceed the Gravity of a 
little quantity of water, and therefore such a Mass of Air shall descend more 
swiftly than that little water: But that is never seen to occurr: Therefore its not 
true, that the mean Elements do participate of the one, and the other quality. This 
argument is fallacious, no less than the other against Democritus. 

Lastly, Aristotle having said, that if the Position of Democritus were true, it 
would follow, that a great Mass of Air should move more swiftly than a small 
Mass of water, and afterwards subjoyned, that that is never seen in any Case: 
methinks others may become desirous to know of him in what place this should 
evene, which he deduceth against Democritus, and what Experiment teacheth us, 
that it never falls out so. To suppose to see it in the Element of water, or in that 
of the Air is vain, because neither doth water through water, nor Air through Air 
move, nor would they ever by any whatever participation others assign them, of 
Earth or of Fire: the Earth, in that it is not a Body fluid, and yielding to the 
mobility of other Bodies, is a most improper place and Medium for such an 
Experiment: Vacuum, according to the same Aristotle himself, there is none, and 
were there, nothing would move in it: there remains the Region of Fire, but 
being so far distant from us, what Experiment can assure us, or hath assertained 
Aristotle in such sort, that he should as of a thing most obvious to sence, affirm 
what he produceth in confutation of Democritus, to wit, that a great Mass of Air, 
is moved no swifter than a little one of water? But I will dwell no longer upon 
this matter, whereon I have spoke sufficiently: but leaving Democritus, I return 
to the Text of Aristotle, wherein he goes about to render the true reason, how it 
comes to pass, that the thin Plates of Iron or Lead do swim on the water; and, 
moreover, that Gold it self being beaten into thin Leaves, not only swims in 
water, but flyeth too and again in the Air. He supposeth that of Continualls”', 
some are easily divisible, others not: and that of the easily divisible, some are 
more so, and some less: and these he affirms we should esteem the Causes. 

He addes that that is easily divisible, which is well terminated, and the more 
the more divisible, and that the Air is more so, than the water, and the water than 
the Earth. And, lastly, supposeth that in each kind, the lesse quantity is easlyer 
divided and broken than the greater. 


a De Celo l. 4. c. 6. t. 44. 


Here I note, that the Conclusions of Aristotle in generall are all true, but 
methinks, that he applyeth them to particulars, in which they have no place, as 
indeed they have in others, as for Example, Wax is more easily divisible than 
Lead, and Lead than Silver, inasmuch as Wax receives all the terms more easlier 
than Lead, and Lead than Silver. Its true, moreover, that a little quantity of Silver 
is easlier divided than a great Mass: and all these Propositions are true, because 
true it is, that in Silver, Lead and Wax, there is simply a Resistance against 
Division, and where there is the absolute, there is also the respective. But if as 
well in water as in Air, there be no Renitence against simple Division, how can 
we say, that the water is easlier divided than the Air? We know not how to 
extricate our selves from the Equivocation: whereupon I return to answer, that 
Resistance of absolute Division is one thing, and Resistance of Division made 
with such and such Velocity is another. But to produce Rest, and to abate the 
Motion, the Resistance of absolute Division is necessary; and the Resistance of 
speedy Division, causeth not Rest, but slowness of Motion. But that as well in 
the Air, as in water, there is no Resistance of simple Division, is manifest, for 
that there is not found any Solid Body which divides not the Air, and also the 
water: and that beaten Gold, or small dust, are not able to superate the Resistance 
of the Air, is contrary to that which Experience shews us, for we see Gold and 
Dust to go waving to and again in the Air, and at last to descend downwards, and 
to do the same in the water, if it be put therein, and separated from the Air. And, 
because, as I say, neither the water, nor the Air do resist simple Division, it 
cannot be said, that the water resists more than the Air. Nor let any object unto 
me, the Example of most light Bodies, as a Feather, or a little of the pith of 
Elder, or water-reed that divides the Air and not the water, and from this infer, 
that the Air is easlier divisible than the water; for I say unto them, that if they do 
well observe, they shall see the same Body likewise divide the Continuity of the 
water”, and submerge in part, and in such a part, as that so much water in Mass 
would weigh as much as the whole Solid. And if they shal yet persist in their 
doubt, that such a Solid sinks not through inability to divide the water, I will 
return them this reply, that if they put it under water, and then let it go, they shall 
see it divide the water, and presently ascend with no less celerity, than that with 
which it divided the Air in descending: so that to say that this Solid ascends in 
the Air, but that coming to the water, it ceaseth its Motion, and therefore the 
water is more difficult to be divided, concludes nothing: for I, on the contrary, 
will propose them a piece of Wood, or of Wax, which riseth from the bottom of 
the water, and easily divides its Resistance, which afterwards being arrived at the 


Air, stayeth there, and hardly toucheth it; whence I may aswell say, that the 
water is more easier divided than the Air. 


22 Archimed. De Insident. humi lib. 2. prop. 1. 


I will not on this occasion forbear to give warning of another fallacy of these 
persons, who attribute the reason of sinking or swimming to the greater or lesse 
Resistance of the Crassitude of the water against Division, making use of the 
example of an Egg, which in sweet water goeth to the bottom, but in salt water 
swims; and alledging for the cause thereof, the faint Resistance of fresh water 
against Division, and the strong Resistance of salt water. But if I mistake not, 
from the same Experiment, we may aswell deduce the quite contrary; namely, 
that the fresh water is more dense, and the salt more tenuous and subtle, since an 
Egg from the bottom of salt water speedily ascends to the top, and divides its 
Resistance, which it cannot do in the fresh, in whose bottom it stays, being 
unable to rise upwards. Into such like perplexities, do false Principles Lead men: 
but he that rightly Philosophating, shall acknowledge the excesses of the 
Gravities of the Moveables and of the Mediums, to be the Causes of those 
effects, will say, that the Egg sinks to the bottom in fresh water, for that it is 
more grave than it, and swimeth in the salt, for that its less grave than it: and 
shall without any absurdity, very solidly establish his Conclusions. 

Therefore the reason totally ceaseth, that Aristotle subjoyns in the Text 
saying’; The things, therefore, which have great breadth remain above, because 
they comprehend much, and that which is greater, is not easily divided. Such 
discoursing ceaseth, I say, because its not true, that there is in water or in Air any 
Resistance of Division; besides that the Plate of Lead when it stays, hath already 
divided and penetrated the Crassitude of the water, and profounded it self ten or 
twelve times more than its own thickness: besides that such Resistance of 
Division, were it supposed to be in the water, could not rationally be affirmed to 
be more in its superiour parts than in the middle, and lower: but if there were any 
difference, the inferiour should be the more dense, so that the Plate would be no 
less unable to penetrate the lower, than the superiour parts of the water; 
nevertheless we see that no sooner do we wet the superiour Superficies of the 
Board or thin Piece of Wood, but it precipitatly, and without any retension, 
descends to the bottom. 


33 Text 45. 


I believe not after all this, that any (thinking perhaps thereby to defend 
Aristotle) will say, that it being true, that the much water resists more than the 
little, the said Board being put lower descendeth, because there remaineth a less 
Mass of water to be divided by it: because if after the having seen the same 
Board swim in four Inches of water, and also after that in the same to sink, he 
shall try the same Experiment upon a profundity of ten or twenty fathom water, 
he shall see the very self same effect. And here I will take occasion to remember, 
for the removall of an Error that is too common; That that Ship or other 
whatsoever Body, that on the depth of an hundred or a thousand fathom, swims 
with submerging only six fathom of its own height, [or in the Sea dialect, that 
draws six fathom water] shall swim in the same manner in water, that hath but 
six fathom and half an Inch of depth. Nor do I on the other side, think that it 
can be said, that the superiour parts of the water are the more dense, although a 
most grave Authour hath esteemed the superiour water in the Sea to be so, 
grounding his opinion upon its being more salt, than that at the bottom: but I 
doubt the Experiment, whether hitherto in taking the water from the bottom, the 
Observatour did not light upon some spring of fresh water there spouting up: but 
we plainly see on the contrary, the fresh Waters of Rivers to dilate themselves 
for some miles beyond their place of meeting with the salt water of the Sea, 
without descending in it, or mixing with it, unless by the intervention of some 
commotion or turbulency of the Windes. 


2A A Ship that in 100 Fathome water draweth 6 Fathome, shall float in 6 Fathome and 1/2 an Inch of depth. 


But returning to Aristotle, I say, that the breadth of Figure hath nothing to do 
in this business more or less, because the said Plate of Lead, or other Matter, cut 
into long Slices, swim neither more nor less”; and the same shall the Slices do, 
being cut anew into little pieces, because its not the breadth but the thickness 
that operates in this business. I say farther, that in case it were really true, that 
the Renitence to Division were the proper Cause of swimming’, the Figures 
more narrow and short, would much better swim than the more spacious and 
broad, so that augmenting the breadth of the Figure, the facility of supernatation 
will be deminished, and decreasing, that this will encrease. 


a2 Thickness not breadth of Figure to be respected in Natation. 


2p Were Renitence the cause of Natation, breadth of Figure would hinder the swiming of Bodies. 


And for declaration of what I say, consider that when a thin Plate of Lead 
descends, dividing the water, the Division and discontinuation is made between 
the parts of the water, invironing the perimeter or Circumference of the said 
Plate, and according to the bigness greater or lesser of that circuit, it hath to 
divide a greater or lesser quantity of water, so that if the circuit, suppose of a 
Board, be ten Feet in sinking it flatways, it is to make the seperation and 
division, and to so speak, an incission upon ten Feet of water; and likewise a 
lesser Board that is four Feet in Perimeter, must make an incession of four Feet. 
This granted, he that hath any knowledge in Geometry, will comprehend, not 
only that a Board sawed in many long thin pieces, will much better float than 
when it was entire, but that all Figures, the more short and narrow they be, shall 
so much the better swim. Let the Board A B C D be, for Example, eight Palmes 
long, and five broad, its circuit shall be twenty six Palmes; and so many must the 
incession be, which it shall make in the water to descend therein: but if we do 
saw ir, as suppose into eight little pieces, according to the Lines E F, G H, {&}ec. 
making seven Segments, we must adde to the twenty six Palmes of the circuit of 
the whole Board, seventy others; whereupon the eight little pieces so cut and 
seperated, have to cut ninty six Palmes of water. And, if moreover, we cut each 
of the said pieces into five parts, reducing them into Squares, to the circuit of 
ninty six Palmes, with four cuts of eight Palmes apiece; we shall adde also sixty 
four Palmes, whereupon the said Squares to descend in the water, must divide 
one hundred and sixty Palmes of water, but the Resistance is much greater than 
that of twenty six; therefore to the lesser Superficies, we shall reduce them, so 
much the more easily will they float: and the same will happen in all other 
Figures, whose Superficies are simular amongst themselves, but different in 
bigness: because the said Superficies, being either deminished or encreased, 
always diminish or encrease their Perimeters in subduple proportion; to wit, the 
Resistance that they find in penetrating the water; therefore the little pieces 
gradually swim, with more and more facility as their breadth is lessened. 





This is manifest; for keeping still the same height of the Solid, with the same 
proportion as the Base encreaseth or deminisheth, doth the said Solid also 
encrease or diminish; whereupon the Solid more diminishing than the Circuit, 
the Cause of Submersion more diminisheth than the Cause of Natation: And on 
the contrary, the Solid more encreasing than the Circuit, the Cause of 
Submersion encreaseth more, that of Natation less. 

And this may all be deduced out of the Doctrine of Aristotle against his own 
Doctrine. 

Lastly, to that which we read in the latter part of the Text”, that is to say, that 
we must compare the Gravity of the Moveable with the Resistance of the 
Medium against Division, because if the force of the Gravity exceed the 
Resistance of the Medium, the Moveable will descend, if not it will float. I need 
not make any other answer, but that which hath been already delivered; namely, 
that its not the Resistance of absolute Division, (which neither is in Water nor 
Air) 


but the Gravity of the Medium that must be compared with the Gravity of the 
Moveables; and if that of the Medium be greater, the Moveable shall not 
descend, nor so much as make a totall Submersion, but a partiall only; because in 
the place which it would occupy in the water, there must not remain a Body that 
weighs less than a like quantity of water: but if the Moveable be more grave, it 
shall descend to the bottom, and possess a place where it is more conformable 
for it to remain, than another Body that is less grave. And this is the only true 
proper and absolute Cause of Natation and Submersion, so that nothing else hath 
part therein: and the Board of the Adversaries swimmeth, when it is conjoyned 
with as much Air, as, together with it, doth form a Body less grave than so much 
water as would fill the place that the said Compound occupyes in the water; but 
when they shall demit the simple Ebony into the water, according to the Tenour 
of our Question, it shall alwayes go to the bottom, though it were as thin as a 
Paper. 


2 Lib. 4. c. 6. Text 45. 
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Translated by Thomas Salusbury 


The Dialogue Concerning the Two Chief World Systems was first published in 
Italian as Dialogo sopra i due massimi sistemi del mondo in 1632 (see Figure 1). 
As with the earlier Discourse on Floating Bodies, it was aimed at a general 
readership and only appeared in Latin (as Systema cosmicum) in 1635. Again, as 
with the earlier volume, it was dedicated to the Grand Duke of Tuscany, now 
Ferdinando IT de’ Medici. 

The focus of this landmark volume is the comparison of the Copernican 
planetary system (which was heliocentric, with the planets orbiting the sun) with 
the classical Ptolemaic system (where everything in the Universe circles around 
the Earth). It takes the form of a discussion (occurring over four days) between 
three characters (Figure 2): Salviati, an intellectual, who is a mouthpiece for 
Galileo’s arguments; Sagredo, a wealthy, inquisitive layman; and Simplicio 
(“simpleton”) - a philosopher who puts up ineffectual Aristotolean arguments for 
Salviati to refute. In the introduction (to the discerning reader) Galileo writes “I 
have taken the Copernican side in the discourse, proceeding as with a pure 
mathematical hypothesis and striving by every artifice to represent it as superior 
to supposing the earth motionless.” 

Even though this book was published in Florence with a formal license from 
the Inquisition, a year later Galileo was tried and condemned (see Figure 3). He 
was found to be “vehemently suspect of heresy”, and the book was placed on the 
Index of Forbidden Books, where it remained for a further two centuries. In a 
secret action, the publication of anything else he had written, or ever might 
write, was also banned in Catholic countries. Galileo, himself, was sentenced to 
indefinite imprisonment, and was kept under house arrest until his death in 1642. 


DIALOGO 


D I 
GALILEO GALILEI LINCEO 
MATEMATICO SOPRAORDINARIO 
DELLO STVDIO DI PISA. 
E Filofofo, ¢ Matematico primario del 
SERENISSIMO 


GR.DVCA DITOSCANA. 


Doue ne i congreffi di quattro giornate fi difcorre 
fopra i due 


MASSIMI SISTEMI DEL MONDO 
TOLEMAICO, E COPERNICANO; 


Proponendo indeterminatamente le ragioni Filofofiche, e Naturali 
tanto per luna, quanto per l'altra parte . 


CON PRI ALY 
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IN FIORENZA, Per Gio:Batiña Landini MDCXXXII. 


CON LICENZA DE' SFPERIORI. 


Figure 1: The title page of ‘Dialogo sopra i due massimi sistemi del mondo’, published in Florence, in 
1632. 





Figure 2: The frontispiece of ‘Dialogo sopra i due massimi sistemi del mondo’, published in Florence, in 
1632. 
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Figure 3: “Galileo before the Holy Office”, a painting by Joseph Nicolas Robert-Fleury (1797—1890) 
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TO THE MOST SERENE GRAND DUKE OF 
TUSCANY. 


THOUGH the difference between Men and other living Creatures be very great, 
yet happly he that should say that he could shew little less between Man and 
Man would not speak more than he might prove. What proportion doth one bear 
to a thousand? and yet it is a common Proverb, One Man is worth a thousand, 
when as a thousand are not worth one. This difference hath dependence upon the 
different abilities of their Intellectuals; which I reduce to the being, or not being 
a Philosopher; in regard that Philosophy as being the proper food of such as live 
by it, distinguisheth a Man from the common Essence of the Vulgar in a more or 
less honourable degree according to the variety of that diet. In this sence he that 
hath the highest looks, is of highest quality; and the turning over of the great 
Volume of Nature, which is the proper Object of Philosophy is the way to make 
one look high: in which Book, although whatsoever we read, as being the Work 
of Almighty God, is therefore most proportionate; yet notwithstanding that is 
more absolute and noble wherein we more plainly deserne his art and skill. The 
Constitution of the Vnivers, among all Physical points that fall within Humane 
Comprehension, may, in my opinion, be preferred to the Precedency: for if that 
in regard of universal extent it excell all others, it ought as the Rule and Standard 
of the rest to goe before them in Nobility. Now if ever any persons might 
challenge to be signally distinguished for Intellectuals from other men, 
Ptolomey and Copernicus were they that have had the honour to see farthest into, 
and discourse most profoundly of the Worlds Systeme. About the Works of 
which famous Men these Dialous being chiefly conversant, I conceived it my 
duty to Dedicate them only to Your Highness. For laying all the weight upon 
these two, whom I hold to be the Ablest Wits that have left us their Works upon 
these Subjects; to avoid a Solecisme in Manners, I was obliged to address them 
to Him, who with me, is the Greatest of all Men, from whom they can receive 
either Glory or Patrociny. And if these two persons have so farre illuminated my 
Understanding as that this my Book may in a great part be confessed to belong 
to them, well may it also be acknowledged to belong to Your Highness, unto 
whose Bounteous Magnificence I owe the time and leasure I had to write it, as 
also unto Your Powerful Assistance, (never weary of honouring me) the means 
that at length I have had to publish it. May Your Highness therefore be pleased 
to accept of it according to Your accustomed Goodness; and if any thing shall be 
found therein, that may be subservient towards the information or satisfaction of 


those that are Lovers of Truth; let them acknowledge it to be due to Your Self, 
who are so expert in doing good, that Your Happy Dominion cannot shew the 
man that is concerned in any of those general Calamities that disturb the World; 
so that Praying for Your Prosperity, and continuance in this Your Pious and 
Laudable Custome, I humbly kiss Your Hands; Your Most Serene Highnesses 
Most Humble and most devoted Servant and Subject GALILEO GALILEI. 


TO THE NOBLE AND MOST PERFECTLY 
ACCOMPLISHED SR. JOHN DENHAM KNIGHT 
OF THE NOBLE ORDER OF THE BATH, AND 
SURVEYOR GENERAL OF HIS MATIES WORKS, 
&C. 


SIR, 

I Humbly begge your Pardon for bringing this Book under your Protection. 
Were it a Work of my own, or I any thing but the Translatour, I should master 
my Thoughts to a meaner Dedication; But being a Collection of some of the 
greatest Masters in the World, and never made English till now, I conceived I 
might sooner procure their Welcome to a person so eminent for Noble Candor, 
as well as for all those Intellectual Excellencies wherewith Your Rich Soul is 
known to be furnished. I resolv’d to be as kind to this Book as I could, and 
seriously considering which way to effect it, I at last concluded to prefix Your 
Name, whom His Majesty and all his Subjects, (who have a higher Sense and 
Judgement of Excellent Parts) know best able to defend my Imperfections. And 
yet I confess there’s one thing makes against me, which is your eminent Integrity 
and great Affection to Truth, whereby my Lapses in a Work of this Nature might 
justly despair of Shelter, but that the Excellency of Your Native Candor strives 
for Predominancy over all Your great Abilities. For ’tis all-most impossible to 
think what Your Matchless Wit is not able to Conquer, would Your known 
Modesty but give leave: therefore Galileus, Kepler, and those other Worthies in 
Learning are now brought before You in English Habit, having chang’d their 
Latine, Italian and French, whereby they were almost Strangers to our Nation, 
unless to such as You, who so perfectly master the Originals. I know you have 
so much and great imployment for His Majesty, and his good Subjects that I 
shall not robb you of another Minutes loss; besides the liberty of subscribing my 
Self; 

SIR, 

Your Honours Most Humble and Most obedient Servant 


THOMAS SALUSBURY. 


READER, 


MATHEMATICAL Learning (to speak nothing touching the necessity & 
delight thereof; hath bin so sparingly imparted to our Countrymen in their native 
English, especially the nobler and sublimer part, that in Compliance with the 
Solicitations of several of my noble and learned Friends, and the Inclinations of 
such as are Mathematically disposed, more especially those, who either want 
Time or Patience to look into the vulgar and unstudied Languages, I did 
adventure upon this Work of Collecting & Translating from amongst the 
excellent Pieces that are so abounding in the Italian and French Tongues, some 
of those that my own observation and the intimation of Friends were most 
usefull and desired, and with all most wanting in their Own. 

I was, indeed, at first seriously Conscious, and am now, by experience, fully 
convinced how disproportionate the weight of the Enterprize is to the weakness 
of the Vndertaker, but yet the Passion I ever had to be subservient to my Friends 
and Compatriots in their Inquisition after these Sublime Studies, and a Patience 
which I owe to the Flegme that is predominant in my Constitution, joyned with a 
nine-years conversence in these Languages, as also an unhappy and long 
Vacation that the persecutions of the late Tyrants gave me from more 
advantagious employments so prevailed with me, that I resolved to improve even 
my very Confinement to serve those Friends, whom, as the Times then stood, I 
could not see. 

The Book being for Subject and Design intended chiefly for Gentlemen, I 
have bin as careless of using a studied Pedantry in my Style; as careful in 
contriving a pleasant and beautiful Impression. And when I had considered the 
hazard, and computed the charge of the undertaking, I found it to exceed the 
ability of a private Purse, especially of mine, that had bin so lately emptied by 
the hand of violent enemies, and perfidious friends; not to make mention here of 
the Sums that a Loyal Reflexion upon my Princes Affairs had at the same time 
drawn from me; and judg’d that the most safe, easy, and reasonable way was to 
invite those Persons who had appeared desirous of the Book, to be contributary 
to their own Contentment, by subscribing towards the charge of this Publication. 

And for the better management of the Work, I joyned to my self a Printer, 
whose Genius having rendered him Mathematical, and my overtures of profit 
having interessed his diligence, I was induced to promise my self a more than 
common Assistance from him: and at his door I with reason lay all miscarriages 
that concerns his Profession in the Business. 

In this Work I found more than ordinary Encouragement from that publick 
spirited Person the Reverend and Learned Dr. Thomas Barlow, Provost of 
Queens Colledge Oxford, and Margaret Professor in that Vniversity, as also 
from those two able Mathematicians and my Reall Friends Major Miles Symner, 


and Mr. Robert Wood of Trinity Colledge Dublin, and some few others whose 
Modesty hath expresly enjoin’d me a concealment of their Names. 

Well, at length I have got to the end of my first Stage; and if I have not rid 
Post, let my excuse be that my long stay for my Warrant caused me to set out 
late; and being ill mounted, and in a road full of rubbs, I could not with any 
safety go faster; but hope to get it up in the next Stage, for in that I intend to shift 
my Horses. 

The names of those Authors and Treatices which I judged would most grace 
our Language, and gratify Students, are particularly exprest in the General Title 
of the two Tomes. Distinct Tomes they are as consisting of several Pieces: 
Collections I call them, because they have bin so published, disperst, and worn 
out of Print, that they very rarely meet in one hand: and Translations I own them 
to be, as not pretending to any thing more than the disposure and conversion of 
them: those Tracts only excepted which compose the second Part of the second 
Tome. 

The first Book which offers it self to your view in this Tome is that singular 
and unimitable Piece of Reason and Demonstration the Systeme of Galileo. The 
subject of it is a new and Noble p rt of Astronomy, to wit the Doctrine and 
Hypothesis of the Mobility of the Earth and the Stability of the Sun; the History 
whereof I shall hereafter give you at large in the Life of that famous Man. Only 
this by the by; that the Reader may not wonder why these Dialogues found so 
various entertainment in Italy (for he cannot but have heard that though they 
have been with all veneration valued, read & applauded by the Iudicious, yet 
they were with much detestation persecuted, suppressed & exploded by the 
Superstitious) I am to tell him that our Author having assigned his intimate 
Friends Salviati and Sagredo the more successfull Parts of the Challenger, and 
Moderater, he made the famous Commentator Simplicius to personate the 
Peripatetick. The Book coming out, and Pope Urban the VIII. taking his Honour 
to be concern’d as having in his private Capacity bin very positive in declaiming 
against the Samian Philosophy, and now (as he supposed) being ill delt with by 
Galileo who had summed up all his Arguments, and put them into the mouth of 
Simplicius; his Holiness thereupon conceived an implacable Displeasure against 
our Author, and thinking no other revenge sufficient, he employed his 
Apostolical Authority, and deals with the Consistory to condemn him and 
proscribe his Book as Heretical; prostituting the Censure of the Church to his 
private revenge. This was Galileo’s fortune in Italy: but had I not reason to hope 
that the English will be more hospitable, on the account of that Principle which 
induceth them to be civil to (I say not to dote on) Strangers, I should fear to be 
charged with imprudence for appearing an Interpreter to that great Philosopher. 


And in this confidence I shall forbear to make any large Exordium concerning 
him or his Book: & the rather in regard that such kind of Gauderies become not 
the Gravity of the Subject; as also knowing how much (coming from me) they 
must fall short of the Merits of it, or him: but principally because I court only 
persons of Judgement & Candor, that can distinguish between a Native Beauty, 
and spurious Vernish. This only let me premise, though more to excuse my 
weakness in the menaging, than to insinuate my ability in accomplishing this so 
arduous a Task, that these profound Dialogues have bin found so uneasy to 
Translate, that neither affectation of Novelty could induce the French, nor the 
Translating humour perswade the Germans to undertake them. This difficulty, as 
I conceived, was charged either upon the Intricacy of this manner of Writing, or 
upon the singular Elegance in the stile of Galileo, or else upon the miscarriage 
of the unfortunate Mathias Berneggeius who first attempted to turn them into 
Latine for the benefit of the Learned World. 

I shall not presume to Censure the Censure which the Church of Rome past 
upon this Doctrine and its Assertors. But, on the contrary, my Author having bin 
indefinite in his discourse, I shall forbear to exasperate, and attempt to reconcile 
such persons to this Hypothesis as devout esteem for Holy Scripture, and dutifull 
Respect to Canonical Injunctions hath made to stand off from this Opinion: and 
therefore for their sakes I have at the end of the Dialogues by way of supplement 
added an Epistle of Galileo to Her Most Serene Highness Christina Lotharinga 
the Grand Dutchesse Mother of Tuscany; as also certain Abstracts of John 
Kepler, Mathematician to two Emperours, and Didacus a Stunica a famous 
Divine of Salamanca, with an Epistle of Paulo Antonio Foscarini a learned 
Carmelite of Naples, that shew the Authority of Sacred Scripture in determining 
of Philosophical and Natural Controversies: hoping that the ingenious & 
impartial Reader will meet with full satisfaction in the same. And least what I 
have spoken of the prohibiting of these Pieces by the Inquisition may deterre any 
scrupulous person from reading of them, I have purposely inserted the 
Imprimatur by which that Office licenced them. And for a larger account of the 
Book or Author, I refer you to the Relation of his Life, which shall bring up the 
Reare in the Second Tome. 

What remains of this, is that Excellent Discourse of D. Benedetto Castelli 
Abbate di San Benedetto Aloysio, concerning the Mensuration of Running 
Waters, with other Treatises of that Learned Prelate, & of the Superintendent 
Corsini. Some may alledge, and I doe confess that I promised to publish the Life 
of Galileo in this place: But the great miscarriages of Letters from some Friends 
in Italy and else where, to whom I am a Debtor for several Remarques, & from 
whom I daily expect yet greater Helps concerning the History of that famous 


Personage: these disappointments, I say, joyned with the undeniable Request of 
some Friends, who were impatient to see Castelli in English, together with a 
consideration of the disproportionate Bulk that would otherwise have bin betwixt 
the two Volumes, perswaded me to this exchange. This deviation from my 
Promise I hope is Venial, and for the expiating of it I plead Supererrogation: 
having in each Tome made so large Aditions (though to my great expense) that 
they make neer a third part more than I stood by promise bound to Publish. That 
this is so will appear by comparing the Contents I here prefix with the 
Advertisment I formerly Printed. For not to mention those Epitomes of Kepler 
and a Stunica, the whole second and following Books of Castelli, were not come 
to my hands at the time of my penning that Paper; yet knowing how imperfect 
the Volume would be without them, they being partly a supplement to the 
Theoremes and Problemes which the Abbot had formerly Printed, and partly 
experiments that had procured him and his Doctrine a very great Reputation, 
knowing this I say, I apprehended a necessity of publishing them with the rest: 
and hope that if you think not the service I have done therein worth your 
acknowledgement, you will yet at least account the encrease of my expence a 
sufficient extenuation of the Trespass that those Additions have forced me to 
commit upon your Patience in point of Time. 

As for the second Tome, I have only this to assure the Generous Readers; 1 
that I am very confident I shall be much more punctual in publishing that, than 
(for the reasons above related.) I was able to be in setting forth this: 2 that they 
shall not be abused in advancing of their moneys, (as hath bin used in the like 
case) by selling the remaining Copyes at an under rate; and 3 that I have a very 
great care that no disesteem may by my means arise unto this way of publishing 
Books, for that it is of excellent use in ushering Great and Costly Volumes into 
the World. 

To say nothing of the disadvantages of Translations in general, this of mine 
doubtless is not without it’s Errours, and oversights: but those of the Printer 
discounted, I hope the rest may be allowed me upon the score of Human 
Imbecilitie. The truth is, I have assumed the Liberty to note the Mistakes in the 
Florid Version of Berneggerus in the Margent, not so much to reproach him, as 
to convince those who told me that they accounted my pains needless, having his 
Latine Translation by them. The like they said of the whole two Tomes: but they 
thereby caused me to question their Understanding or Veracity. For some of the 
Books were yet never extant: As for instance; the Mechanicks of Monsieur Des 
Cartes, a Manuscript which I found amongst the many other Rarities that enrich 
the well-chosen Library of my Learned and Worthy Friend Dr. Charles 
Scarburgh; the Experiments of Gravity, and the Life of Galileo, both my own: 


Others were included in Volumes of great price, or so dispersed that they were 
not to be purchased for any money; as those of Kepler, a Stunica, Archimedes, 
Tartaglia, and the Mechanicks of Galileo: And the remainder, though easyer to 
procure, were harder to be understood; as Tartaglia his notes on Archimedes, 
Torricellio his Doctrine of Projects, Galileo his Epistle to the Dutchesse of 
Tuscany, and above all his Dialogues de Motu; (never till now done into any 
Language) which were so intermixt of Latine and Italian, that the difficulty of 
the Stile, joyned with the intricatnesse of the Subject rendered them Unpleasant, 
if not wholly Vnintelligible, to such as were not absolute Masters of both the 
Tongues. 

To conclude; according to the entertainment that you please to afford these 
Collections, I shall be encouraged to proceed with the Publication of a large 
Body of Hydrography; declaring the History, Art, Lawes, and Apendages of that 
Princely Study of Navigation, wherein I have omitted nothing of note that can be 
found either in Dudley, Fournier, Aurigarius, Nonius, Snellus, Marsennus, 
Baysius, Morisetus, Blondus, Wagoner, abroad, or learnt amongst our Mariners 
at home, touching the Office of an Admiral, Commander, Pilot, Modellist, 
Shipwright, Gunner, &c. 

But order requiring that I should discharge my first Obligation before I 
contract a second; I shall detein you no longer in the Portall, but put you into 
possession of the Premises, 

Novemb. 20. 1661. 

TS. 


THE AUTHOR'S INTRODUCTION. 


Judicious Reader, 

THERE was published some years since in Rome a salutiferous Edict, that, 
for the obviating of the dangerous Scandals of the present Age, imposed a 
seasonable Silence upon the Pythagorean Opinion of the Mobility of the Earth. 
There want not such as unadvisedly affirm, that that Decree was not the 
production of a sober Scrutiny, but of an illinformed Passion; & one may hear 
some mutter that Consultors altogether ignorant of Astronomical Observations 
ought not to clipp the Wings of Speculative Wits with rash Prohibitions. My 
zeale cannot keep silence when I hear these inconsiderate complaints. I thought 
fit, as being thoroughly acquainted with that prudent Determination, to appear 
openly upon the Theatre of the World as a Witness of the naked Truth. I was at 
that time in Rome; and had not only the audiences, but applauds of the most 
Eminent Prelates of that Court; nor was that Decree Published without Previous 
Notice given me thereof. Therefore it is my resolution in the present case to give 
Foraign Nations to see, that this point is as well understood in Italy, and 
particularly in Rome, as Transalpine Diligence can imagine it to be: and 
collecting together all the proper Speculations that concern the Copernican 
Systeme, to let them know, that the notice of all preceded the Censure of the 
Roman Court; and that there proceed from this Climate not only Doctrines for 
the health of the Soul, but also ingenious Discoveries for the recreating of the 
Mind. 

To this end I have personated the Copernican in this Discourse; proceeding 
upon an Hypothesis purely Mathematical; striving by all artificial wayes to 
represent it Superiour, not to that of the Immobility of the Earth absolutely, but 
according as it is mentioned by some, that retein no more, but the name of 
Peripateticks, and are content, without going farther, to adore Shadows, not 
philosophizing with requisit caution, but with the sole remembrance of four 
Principles, but badly understood. 

We shall treat of three principall heads. First I will endeavour to shew that all 
Experiments that can be made upon the Earth are insufficient means to conclude 
it’s Mobility, but are indifferently applicable to the Earth moveable or 
immoveable: and I hope that on this occasion we shall discover many observable 
passages unknown to the Ancients. Secondly we will examine the Coelestiall 
Phoenomena that make for the Copernican Hypothesis, as if it were to prove 
absolutely victorious; adding by the way certain new Observations, which yet 


serve only for the Astronomical Facility, not for Natural Necessity. In the third 
place I will propose an ingenuous Fancy. I remember that I have said many years 
since, that the unknown Probleme of the Tide might receive some light, 
admitting the Earths Motion. This Position of mine passing from one to another 
had found charitable Fathers that adopted it for the Issue of their own wit. Now, 
because no stranger may ever appear that defending himself with our armes, 
shall charge us with want of caution in so principal an Accident, I have thought 
good to lay down those probabilities that would render it credible, admitting that 
the Earth did move. I hope, that by these Considerations the World will come to 
know, that if other Nations have Navigated more than we, we have not studied 
less than they; & that our returning to assert the Earths Stability, and to take the 
contrary only for a Mathematical Capriccio, proceeds not from inadvertency of 
what others have thought thereof, but (had we no other inducements) from those 
Reasons that Pi ty, Religion, the Knowledge of the Divine Omnipotency, and a 
consciousness of the incapacity of mans Vnderstanding dictate unto us. 

With all I conceived it very proper to express these conceits by way of 
Dialogue, which, as not being bound up to the riggid observance of 
Mathematical Laws, gives place also to Digressions that are sometimes no less 
curious than the principal Argument. 

I chanced to be several years since, at several times, in the Stupendious Citty 
of Venice, where I conversed with Signore Giovan Francesco Sagredo of a 
Noble Extraction, and piercing wit. There came thither from Florence at the 
same time Signore Filippo Salviati, whose least glory was the Eminence of his 
Blood, and Magnificence of his Estate: a sublime Wit that fed not more hungerly 
upon any pleasure than on elevated Speculations. In the company of these two I 
often discoursed of these matters before a certain Peripatetick Philosopher who 
seemed to have no geater obstacle in understanding of the Truth, than the Fame 
he had acquired by Aristotelical Interpretations. 

Now, seeing that inexorable Death hath deprived Venice and Florence of 
those two great Lights in the very Meridian of their years, I did resolve, as far as 
my poor ability would permit, to perpetuate their lives to their honour in these 
leaves, bringing them in as Interlocutors in the present Controversy. Nor shall 
the Honest Peripatetick want his place, to whom for his excessive affection 
towards the Commentaries of Simplicius, I thought fit, without mentioning his 
own Name, to leave that of the Author he so much respected. Let those two great 
Souls, ever venerable to my heart, please to accept this publick Monument of my 
never-dying Love; and let the remembrance of their Eloquence assist me in 
delivering to Posterity the Considerations that I have promised. 


There casually happened (as was usuall) several discourses at times between 
these Gentlemen, the which had rather inflamed than satisfied in their wits the 
thirst they had to be learning; whereupon they took a discreet resolution to meet 
together for certain dayes, in which all other business set aside, they might 
betake themselves more methodically to contemplate the Wonders of God in 
Heaven, and in the Earth: the place appointed for their meeting being in the 
Palace of the Noble Sagredo, after the due, but very short complements; Signore 
Salviati began in this manner. 


THE FIRST DIALOGUE. 


INTERLOCVTORS. SALVIATUS, SAGREDUS, and SIMPLICIUS. 
SALVIATUS. 


IT was our yesterdayes resolution, and agreement, that we should to day 
discourse the most distinctly, and particularly we could possible, of the natural 
reasons, and their efficacy that have been hitherto alledged on the one or other 
part, by the maintainers of the Positions, Aristotelian, and Ptolomaique; 
Copernicus reputeth the Earth a Globe like to a Planet. and by the followers of 
the Copernican Systeme: And because Copernicus placing the Earth among the 
moveable Bodies of Heaven, comes to constitute a Globe for the fame like to a 
Planet; it would be good that we began our disputation with the examination of 
what, and how great the energy of the Peripateticks arguments is, when they 
demonstrate, that this Hypothesis is impossible: Since that it is necessary to 
introduce in Nature, Coelestial substances that are in alterable and Elementary 
that be alterable, art necessary in the opinion of Aristotle. substances different 
betwixt themselves, that is, the Coelestial, and Elementary; that impassible and 
immortal, this alterable and corruptible. Which argument Aristotle handleth in 
his book De Coelo, insinuating it first, by some discourses dependent on certain 
general assumptions, and afterwards confirming it with experiments and 
perticular demonstrations: following the same method, I will propound, and 
freely speak my judgement, submitting my self to your censure, and particularly 
to Simplicius, a Stout Champion and contender for the Aristotelian Doctrine. 


And the first Step of the Peripatetick arguments is that, Aristotle maketh the 
World perfect, because it hath the threefold demension. where Aristotle proveth 
the integrity and perfection of the World, telling us, that it is not a simple line, 
nor a bare superficies, but a body adorned with Longitude, Latitude, and 
Profundity; and because there are no more dimensions but these three; The 
World having them, hath all, and having all, is to be concluded perfect. And 
again, that by simple length, that magnitude is constituted, which is called a 
Line, to which adding breadth, there is framed the Superficies, and yet further 
adding the altitude or profoundity, there results the Body, and after these three 
dimensions there is no passing farther, so that in these three the integrity, and to 
so speak, totality is terminated, which I might but with justice have required 


Aristotle to have proved to me by necessary consequences, the rather in regard 
he was able to do it very plainly, and speedily. 


SIMPL. 


What say you to the excellent demonstrations in the 2. 3. and 4. Texts, Aristotles 
demonstrations" to prove the dimensions to be three and no more. after the 
definition of Continual? have you it not first there proved, that there is no more 
but three dimensions, for that those three are all things, and that they are every 
where? And is not this confirmed by the Doctrine and Authority of the 
Pythagorians, The number three celebrated amongst the Pythagorians who say 
that all things are determined by three, beginning, middle, and end, which is the 
number of All? And where leave you that reason, namely, that as it were by the 
law of Nature, this number is used in the sacrifices of the Gods? And why being 
so dictated by nature, do we atribute to those things that are three, and not to 
lesse, the title of all? why of two is it said both, and not all, unless they be three? 
And all this Doctrine you have in the second Text. Afterwards in the third, Ad 
pleniorem scientiam, Omne, Totum & Perfectum. we read that All, the Whole, 
and Perfect, are formally one and the same; and that therefore onely the Body, 
amongst magnitudes is perfect: because it is determined by three, which is All, 
and being divisible three manner of waies, it is every way divisible; but of the 
others, some are dividible in one manner, and some in two, because according to 
the number affixed, they have their division and continuity, and thus one 
magnitude is continuate one way, Or Solid. another two, a third, namely the 
Body, every way. Moreover in the fourth Text; doth he not after some other 
Doctrines, prove it by another demonstration? Scilicet, That no transition is 
made but according to some defect (and so there is a transition or passing from 
the line to the superficies, because the line is defective in breadth) and that it is 
impossible for the perfect to want any thing, it being every way so; therefore 
there is no transition from the Solid or Body to any other magnitude. Now think 
you not that by all these places he hath sufficiently proved, how that there’s no 
going beyond the three dimensions, Length, Breadth, and Thickness, and that 
therefore the body or solid, which hath them all, is perfect? 


SALV. 


To tell you true, I think not my self bound by all these reasons to grant any more 
but onely this, That that which hath beginning, middle, and end, may, and ought 
to be called perfect: But that then, because beginning, middle, and end, are 


Three, the number Three is a perfect number, and hath a faculty of conferring 
Perfection on those things that have the same, I find no inducement to grant; 
neither do I understand, nor believe that, for example, of feet, the number three 
is more perfect then four or two, nor do I conceive the number four to be any 
imperfection to the Elements: and that they would be more perfect if they were 
three. Better therefore it had been to have left these subtleties to the 
Rhetoricians, and to have proved his intent, by necessary demonstration; for so it 
behoves to do in demonstrative sciences. 


SIMPL. 


You seem to scorn these reasons, and yet it is all the Doctrine of the 
Pythagorians, who attribute so much to numbers; and you that be a 
Mathematician, and believe many opinions in the Pythagorick Philosophy, seem 
now to contemn their Mysteries. 


SALV. 


That the Pythagorians had the science of numbers in high esteem, and that Plato 
himself admired humane understanding, Plato held that humane understanding 
partook of divinity, because it understood numbers. and thought that it pertook 
of Divinity, for that it understood the nature of numbers, I know very well, nor 
should I be far from being of the same opinion: But that the Mysteries for which 
Pythagoras and his sect, had the Science of numbers in such veneration, are the 
follies that abound in the mouths and writings of the vulgar, The Mystery of 
Pythagorick numbers fabulous. I no waies credit: but rather because I know that 
they, to the end admirable things might not be exposed to the contempt, and 
scorne of the vulgar, censured as sacrilegious, the publishing of the abstruce 
properties of Numbers, De Papyrio p aetextato, Gellius 1. 2. 3. and 
incommensurable and irrational quantities, by them investigated; and divulged, 
that he who discovered them, was tormented in the other World: I believe that 
some one of them to deter the common sort, and free himself from their 
inquisitiveness, told them that the mysteries of numbers were those trifles, which 
afterwards did so spread amongst the vulgar; and this with a discretion and 
subtlety resembling that of the prudent young man, that to be freed from the 
importunity of his inquisitive Mother or Wife, I know not whether, who pressed 
him to impart the secrets of the Senate, contrived that story, which afterwards 
brought her and many other women to be derided and laught at by the same 
Senate. 


SIMPL. 


I will not be of the number of those who are over curious about the Pythagorick 
mysteries; but adhering to the point in hand; I reply, that the reasons produced 
by Aristotle to prove the dimensions to be no more than three, seem to me 
concludent, and I believe, That had there been any more evident demonstrations 
thereof, Aristotle would not have omitted them. 


SAGR. 


Put in at least, if he had known, or remembred any more. But you Salviatus 
would do me a great pleasure to alledge unto me some arguments that may be 
evident, and clear enough for me to comprehend. 


SALV. 


I will; and they shall be such as are not onely to be apprehended by you, but 
even by Simplicius himself: nor onely to be comprehended, but are also already 
known, although haply unobserved; and for the more easie understanding 
thereof, we will take this Pen and Ink, which I see already prepared for such 
occasions, A Geometrical demonstration of the triple dimension. and describe a 
few figures. And first we will note [Fig. 1. at the end of this Dialog. ] these two 
points AB, and draw from the one to the other the curved lines, ACB, and ADB, 
and the right line AB, I demand of you which of them, in your mind, is that 
which determines the distance between the terms AB, & why? 


SAGR. 


I should say the right line, and not the crooked, as well because the right is 
shorter, as because it is one, sole, and determinate, whereas the others are infinit, 
unequal, and longer; and my determination is grounded upon that, That it is one, 
and certain. 


SALV. 


We have then the right line to determine the length between the two terms; let us 
add another right line and parallel to AB, which let be CD, [Fig. 2. ] so that there 
is put between them a superficies, of which I desire you to assign me the 
breadth, therefore departing from the point A, tell me how, and which way you 
will go, to end in the line CD, and so to point me out the breadth comprehended 


between those lines; let me know whether you will terminate it according to the 
quantity of the curved line AE, or the right line AF, or any other. 


SIMPL. 


According to the right AF, and not according to the crooked, that being already 
excluded from such an use. 


SAGR. 


But I would take neither of them, seeing the right line AF runs obliquely; But 
would draw a line, perpendicular to C D, for this should seem to me the shortest, 
and the properest of infinite that are greater, and unequal to one another, which 
may be produced from the term A to any other part of the opposite line CD. 


SALV. 


Your choice, and the reason you bring for it in my judgment is most excellent; 
so that by this time we have proved that the first dimension is determined by a 
right line, the second namely the breadth with another line right also, and not 
onely right, but withall, at right-angles to the other that determineth the length, 
and thus we have the two dimensions of length and breadth, definite and certain. 
But were you to bound or terminate a height, as for example, how high this Roof 
is from the pavement, that we tread on, being that from any point in the Roof, we 
may draw infinite lines, both curved, and right, and all of diverse lengths to 
infinite points of the pavement, which of all these lines would you make use of? 


SAGR. 


I would fasten a line to the Seeling, and with a plummet that should hang at it, 
would let it freely distend it self till it should reach well near to the pavement, 
and the length of such a thread being the streightest and shortest of all the lines, 
that could possibly be drawn from the same point to the pavement, I would say 
was the true height of this Room. 


SALV. 


Very well, And when from the point noted in the pavement by this pendent 
thread (taking the pavement to be levell and not declining) you should produce 
two other right lines, one for the length, and the other for the breadth of the 


superficies of the said pavement, what angles should they make with the said 
thread? 


SAGR. 


They would doubtless meet at right angles, the said lines falling perpendicular, 
and the pavement being very plain and levell. 


SALV. 


Therefore if you assign any point, for the term from whence to begin your 
measure; and from thence do draw a right line, as the terminator of the first 
measure, namely of the length, it will follow of necessity, that that which is to 
design out the largeness or breadth, toucheth the first at right-angles, and that 
that which is to denote the altitude, which is the third dimension, going from the 
same point formeth also with the other two, not oblique but right angles, and 
thus by the three perpendiculars, as by three lines, one, certain, and as short as is 
possible, you have the three dimensions AB length, AC breadth, and AD height; 
and because, clear it is, that there cannot concurre any more lines in the said 
point, so as to make therewith right-angles, and the dimensions ought to be 
determined by the sole right lines, which make between themselves right-angles; 
therefore the dimensions are no more but three, and that which hath three hath 
all, and that which hath all, is divisible on all sides, and that which is so, is 
perfect, &c. 


SIMPL. 


And who saith that I cannot draw other lines? why may not I protract another 
line underneath, unto the point A, that may be perpendicular to the rest? 


SALV. 


You can doubtless, at one and the same point, make no more than three right 
lines concurre, that constitute right angles between themselves. 


SAGR. 


I see what Simplicius means, namely, that should the said DA be prolonged 
downward, then by that means there might be drawn two others, but they would 


be the same with the first three, differing onely in this, that whereas now they 
onely touch, then they would intersect, but not produce new dimensions. 


SIMPL. 


I will not say that this your argument may not be concludent; In physical proofs 
e metrical exactness is not necessary. but yet this I say with Aristotle, that in 
things natural it is not alwaies necessary, to bring Mathematical demonstrations. 


SAGR. 


Grant that it were so where such proofs cannot be had, yet if this case admit of 
them, why do not you use them? But it would be good we spent no more words 
on this particular, for I think that Salviatus will yield, both to Aristotle, and you, 
without farther demonstration, that the World is a body, and perfect, yea most 
perfect, as being the greatest work of God. 


SALV. 


So really it is, therefore leaving the general contemplation of the whole, Parts of 
the world are two, according to Aristotle, Coelestial and Elementary contrary to 
one another. let us descend to the consideration of its parts, which Aristotle, in 
his first division, makes two, and they very different and almost contrary to one 
another; namely the Coelestial, and Elementary: that ingenerable, incorruptible, 
unalterable, unpassible, &c. and this exposed to a continual alteration, mutation, 
&c. Which difference, as from its original principle, he derives from the 
diversity of local motions, and in this method he proceeds. 


Leaving the sensible, if I may so speak, and retiring into the Ideal world, he 
begins Architectonically to consider that nature being the principle of motion, 
Local motion of three kinds, right, circular, & mixt. it followeth that natural 
bodies be indued with local motion. Next he declares local motion to be of three 
kinds, namely, circular, right, and mixt of right and circular: and the two first he 
calleth simple, Circular, and streight motions are simple, as proceeding by 
simple lines. for that of all lines the circular, and right are onely simple; and here 
somewhat restraining himself, he defineth anew, of simple motions, one to be 
circular, namely that which is made about the medium, and the other namely the 
right, upwards, and downwards; upwards, that which moveth from the medium; 
downwards, that which goeth towards the medium. And from hence he infers, as 
he may by and necessary consequence, Ad medium, a , & circa medium. that all 


simple motions are confined to these three kinds, namely, to the medium, from 
the medium, and about the medium; the which corresponds saith he, with what 
hath been said before of a body, that it also is perfected by three things, and so 
is its motion. Having confirmed these motions, he proceeds saying, that of 
natural bodies some being simple, and some composed of them (and he calleth 
simple bodies those, that have a principle of motion from nature, as the Fire and 
Earth) it follows that simple motions belong to simple bodies, and mixt to the 
compound; yet in such sort, that the compounded incline to the part predominant 
in the composition. 


SAGR. 


Pray you hold a little Salviatus, for I find so many doubts to spring up on all 
sides in this discourse, that I shall be constrained, either to communicate them if 
I would attentively hearken to what you shall add, or to take off my attention 
from the things spoken, if I would remember objections. 


SALV. 


I will very willingly stay, for that I also run the same hazard, and am ready at 
every step to lose my self whilst I sail between Rocks, and boisterous Waves, 
that make me, as they say, to lose my Compass; therefore before I make them 
more, propound your difficulties. 


SAGR. 


You and Aristotle together would at first take me a little out of the sensible 
World, The definition of Nature, either imperfect, or unseasonable, produced by 
Aristotle. to tell me of the Architecture, wherewith it ought to be fabricated; and 
very appositly begin to tell me, that a natural body is by nature moveable, nature 
being (as elsewhere it is defined) the principle of motion. But here I am 
somewhat doubtfull why Aristotle said not that of natural bodies, some are 
moveable by nature, and others immoveable, for that in the definition, nature is 
said to be the principle of Motion, and Rest; for if natural bodies have all a 
principle of motion, either he might have omitted the mention of Rest, in the 
definition of nature: or not have introduced such a definition in this place. Next, 
as to the declaration of what Aristotle intends by simple motions, and how by 
Spaces he determines them, calling those simple, that are made by simple lines, 
which are onely the right, and circular, The Helix about the Cylinder may be said 


to be a simple line. I entertain it willingly; nor do I desire to tenter the instance 
of the Helix, about the Cylinder; which in that it is in every part like to it self, 
might seemingly be numbred among simple lines. But herein I cannot concurre, 
that he should so restrain simple motions (whilst he seems to go about to repeat 
the same definition in other words) as to call one of them the motion about the 
medium, the others Sursum & Deorsum, namely upwards and downward; which 
terms are not to be used, out of the World fabricated, but imply it not onely 
made, but already inhabited by us; for if the right motion be simple, by the 
simplicity of the right line, and if the simple motion be natural, it is made on 
every side, to wit, upwards, downwards, backwards, forwards, to the right, to the 
left, and if any other way can be imagined, provided it be straight, it shall agree 
to any simple natural body; or if not so, then the supposion of Aristotle is 
defective. Aristotle accommodates the rules of Architecture to the frame of the 
World, and not the frame to the rules. It appears moreover that Aristotle hinteth 
but one circular motion alone to be in the World, and consequently but one onely 
Center, to which alone the motions of upwards and downwards, refer. All which 
are apparent proofs, that Aristotles aim is, to make white black, and to 
accommodate Architecture to the building, and not to modle the building 
according to the precepts of Arthitecture: for if I should say that Nature in 
Universal may have a thousand Circular Motions, and by consequence a 
thousand Centers, there would be also a thousand motions upwards, and 
downwards. Again he makes as hath been said, a simple motion, and a mixt 
motion, calling simple, the circular and right; and mixt, the compound of them 
two: of natural bodies he calls some simple (namely those that have a natural 
principle to simple motion) and others compound: and simple motions he 
attributes to simple bodies, and the compounded to the compound; but by 
compound motion he doth no longer understand the mixt of right and circular, 
which may be in the World; but introduceth a mixt motion as impossible, as it is 
impossible to mixe opposite motions made in the same right line, so as to 
produce from them a motion partly upwards, partly downwards; and, to 
moderate such an absurdity, Right motion sometimes simple, and sometimes 
mixt according to Arist. and impossibility, he asserts that such mixt bodies move 
according to the simple part predominant: which necessitates others to say, that 
even the motion made by the same right line is sometimes simple, and 
sometimes also compound: so that the simplicity of the motion, is no longer 
dependent onely on the simplicity of the line. 


SIMPL. 


How? Is it not difference sufficient, that the simple and absolute are more swift 
than that which proceeds from predominion? and how much faster doth a piece 
of pure Earth descend, than a piece of Wood? 


SAGR. 


Well, Simplicius; But put case the simplicity for this cause was changed, besides 
that there would be a hundred thousand mixt motions, you would not be able to 
determine the simple; nay farther, if the greater or lesse velocity be able to alter 
the simplicity of the motion, no simple body should move with a simple motion; 
since that in all natural right motions, the velocity is ever encreasing, and by 
consequence still changing the simplicity, which as it is simplicity, ought of 
consequence to be immutable, and that which more importeth, you charge 
Aristotle with another thing, that in the definition of motions compounded, he 
hath not made mention of tardity nor velocity, which you now insert for a 
necessary and essential point. Again you can draw no advantage from this rule, 
for that there will be amongst the mixt bodies some, (and that not a few) that will 
move swiftly, and others more slowly than the simple; as for example, Lead, 
and Wood, in comparison of earth; and therefore amongst these motions, which 
call you the simple, and which the mixt? 


SIMPL. 


I would call that simple motion, which is made by a simple body, and mixt, that 
of a compound body. 


SAGR. 


Very well, and yet Simplicius a little before you said, that the simple, and 
compound motions, discovered which were mixt, and which were simple bodies; 
now you will have me by simple and mixt bodies, come to know which is the 
simple, and which is the compound motion: an excellent way to keep us 
ignorant, both of motions and bodies. Moreover, you have also a little above 
declared, how that a greater velocity did not suffice, but you seek a third 
condition for the definement of simple motion, for which Aristotle contented 
himself with one alone, namely, of the simplicity of the Space, or Medium: But 
now according to you, the simple motion, shall be that which is made upon a 
simple line, with a certain determinate velocity, by a body simply moveable. 
Now be it as you please, and let us return to Aristotle, who defineth the mixt 


motion to be that compounded of the right, and circular, but produceth not any 
body, which naturally moveth with such a motion. 


SALV. 


I come again to Aristotle, who having very well, and Methodically begun his 
discourse, but having a greater aim to rest at, and hit a marke, predesigned in his 
minde, then that to which his method lead him, digressing from the purpose, he 
comes to assert, as a thing known and manifest, that as to the motions directly 
upwards or downwards, they naturally agree to Fire, and Earth; and that 
therefore it is necessary, that besides these bodies, which are neer unto us, there 
must be in nature another, to which the circular motion may agree: which shall 
be so much the more excellent by how much the circular motion is more perfect, 
then the streight, but how much more pefect that is than this, he determines from 
the greatness of the circular lines perfection above the right line; The circular 
line perfect, according to Aristotle, and but the right imperfect, and why. calling 
that perfect, and this imperfect; imperfect, because if infinite it wanteth a 
termination, and end: and if it be finite, there is yet something beyond which it 
may be prolonged. This is the basis, ground work, and master-stone of all the 
Fabrick of the Aristotelian World, upon which they superstruct all their other 
properties, of neither heavy nor light, of ingenerable incorruptible, exemption 
from all motions, some onely the local, &c. And all these passions he affirmeth 
to be proper to a simple body that is moved circularly; and the contrary qualities 
of gravity, levity, corruptibility, &c. he assigns to bodies naturally moveable in a 
streight line, for that if we have already discovered defects in the foundation, we 
may rationally question what soever may farther built thereon. I deny not, that 
this which Aristotle hitherto hath introduced, with a general discourse dependent 
upon universal primary principles, hath been since in process of time, re- 
inforced with particular reasons, and experiments; all which it would be 
necessary distinctly to consider and weigh; but because what hath been said 
hitherto presents to such as consider the same many and no small difficulties, 
(and yet it would be necessary, that the primary principles and fundamentals, 
were certain, firm, and established, that so they might with more confidence be 
built upon) it would not be amiss, before we farther multiply doubts, to see if 
haply (as I conjecture) betaking our selves to other waies, we may not light upon 
a more direct and secure method; and with better considered principles of 
Architecture lay our primary fundamentals. Therefore suspending for the present 
the method of Aristotle, (which we will reassume again in its proper place, and 
particularly examine; The world is supposed by the Author to be perfectly 


ordinate.) I say, that in the things hitherto affirmed by him, I agree with him, and 
admit that the World is a body enjoying all dimensions, and therefore most 
perfect; and I add, that as such, it is necessarily most ordinate, that is, having 
parts between themselves, with exquisite and most perfect order disposed; which 
assumption I think is not to be denied, neither by you or any other. 


SIMPL. 


Who can deny it? the first particular (of the worlds dimensions) is taken from 
Aristotle himself, and its denomination of ordinate seems onely to be assumed 
from the order which it most exactly keeps. 


SALV. 


This principle then established, Streight motion impossible in the world exactly 
ordinate. one may immediately conclude, that if the entire parts of the World 
should be by their nature moveable, it is impossible that their motions should be 
right, or other than circular; and the reason is sufficiently easie, and manifest; for 
that whatsoever moveth with a right motion, changeth place; and continuing to 
move, doth by degrees more and more remove from the term from whence it 
departed, and from all the places thorow which it successively passed; and if 
such motion naturally suited with it, then it was not at the beginning in its proper 
place; and so the parts of the World were not disposed with perfect order. But we 
suppose them to be perfectly ordinate, therefore as such, it is impossible that 
they should by nature change place, and consequently move in a right motion. 
Right motion nature infinite. Again, the right motion being by nature infinite, for 
that the right line is infinite and indeterminate, it is impossible that any moveable 
can have a natural principle of moving in a right line; Motion by a right line 
naturally impossible. namely toward the place whither it is impossible to arrive, 
there being no prae-finite term; Nature attempts not things impossible to be 
effected. and nature, as Aristotle himself saith well, never attempts to do that 
which can never be done, nor essaies to move whither it is impossible to arrive. 
And if any one should yet object, that albeit the right line, and consequently the 
motion by it is producible in infinitum, that is to say, is interminate; yet 
nevertheless Nature, as one may say, arbitrarily hath assigned them some terms, 
and given natural instincts to its natural bodies to move unto the same; I will 
reply, that this might perhaps be fabled to have come to pass in the first Chaos" 
Right motion might perhaps be in th first Chaos. where indistinct matters 
confusedly and inordinately wandered; to regulate which, Right motion is 


commodious to range in order, things out of order. Nature very appositely made 
use of right motions, by which, like as the well-constituted, moving, disorder 
themselves, so were they which were before depravedly disposed by this motion 
ranged in order: but after their exquisite distribution and collocation, it is 
impossible that there should remain natural inclinations in them of longer 
moving in a right motion, from which now would ensue their removal from their 
proper and natural place, that is to say, their disordination; we may therefore say 
that the right motion serves to conduct the matter to erect the work; but once 
erected, that it is to rest immoveable, or if moveable, Mundane bodies moved in 
the beginning in a right line, and afterwards circularly, according to Plato. to 
move it self onely circularly. Unless we will say with Plato, that these mundane 
bodies, after they had been made and finished, were for a certain time moved by 
their Maker, in a right motion, but that after their attainment to certain and 
determinate places, they were revolved one by one in Spheres, passing from the 
right to the circular motion, wherein they have been ever since kept and 
maintained. A sublime conceipt, and worthy indeed of Plato: upon which, I 
remember to have heard our common friend theThus doth he cover ly and 
modestly stile himselfe throughout this work. Lyncean Academick discourse in 
this manner, if I have not forgot it. Every body for any reason constituted in a 
state of rest, but which is by nature moveable, being set at liberty doth move; A 
moveable being in a state of rest, shall not move unless it have an inclination to 
some particular place. provided withal, that it have an inclination to some 
particular place; for should it stand indifferently affected to all, it would remain 
in its rest, not having greater inducement to move one way than another. From 
the having of this inclination necessarily proceeds, The moveable accelerates its 
motion, going towards the place whither it hath an inclination. that it in its 
moving shall continually increase its acceleration, and beginning with a most 
slow motion, it shall not acquire any degree of velocity, before it shall have 
passed thorow all the degrees of less velocity, or greater tardity: for passing from 
the state of quiet (which is the infinite degree of tardity of motion) there is no 
reason by which it should enter into such a determinate degree of velocity, The 
moveable passing from rest, goeth thorow all the degrees of tardity. before it 
shall have entred into a less, and into yet a less, before it entred into that: but 
rather it stands with reason, to pass first by those degrees nearest to that from 
which it departed, and from those to the more remote; Rest the infinite degree of 
tardity. but the degree from whence the moveable began to move, is that of 
extreme tardity, namely of rest. Now this acceleration of motion is never made, 
The moveable doth not accelerate, save only as it approacheth nearer to us term. 
but when the moveable in moving acquireth it; nor is its acquist other than an 


approaching to the place desired, to wit, whither its natural inclination attracts it, 
and thither it tendeth by the shortest way; namely, by a right line. We may upon 
good grounds therefore say, That Nature, to confer upon a moveable first 
constituted in rest a determinate velocity, useth to make it move according to a 
certain time and space with a right motion. Nature, to introduce in the moveable 
a certain degree of velocity, made it move in a right line. This presupposed, let 
us imagine God to have created the Orb v. g. of Jupiter, on which he had 
determined to confer such a certain velocity, which it ought afterwards to retain 
perpetually uniform; we may with Plato say, that he gave it at the beginning a 
right and accelerate motion, and that it afterwards being arrived to that intended 
degree of velocity, Vniform velocity convenient to the circular motion. he 
converted its right, into a circular motion, the velocity of which came afterwards 
naturally to be uniform. 


SAGR. 


I hearken to this Discourse with great delight; and I believe the content I take 
therein will be greater, when you have satisfied me in a doubt: that is, (which I 
do not very well comprehend) how it of necessity ensues, that a moveable 
departing from its rest, Betwixt rest, and any assigned degree of velocity, infinite 
degrees of less velocity interpose. and entring into a motion to which it had a 
natural inclination, it passeth thorow all the precedent degrees of tardity, 
comprehended between any assigned degree of velocity, and the state of rest, 
which degrees are infinite? so that Nature was not able to confer them upon the 
body of Jupiter, his circular motion being instantly created with such and such 
velocity. 


SALV. 


I neither did, Nature doth not immediately confer a determinate degree of 
velocity, howbeit she could. nor dare say, that it was impossible for God or 
Nature to confer that velocity which you speak of, immediately; but this I say, 
that de facto she did not do it; so that the doing it would be a work extra-natural, 
and by consequence miraculous 


SAGR. 


Then you believe, that a stone leaving its rest, and entring into its natural motion 
towards the centre of the Earth, passeth thorow all the degrees of tardity 


inferiour to any degree of velocity? 
SALV. 


I do believe it, nay am certain of it; and so certain, that I am able to make you 
also very well satisfied with the truth thereof. 


SAGR. 


Though by all this daies discourse I should gain no more but such a knowledge, I 
should think my time very well bestowed. 


SALV. 


By what I collect from our discourse, a great part of your scruple lieth in that it 
should in a time, and that very short, pass thorow those infinite degrees of tardity 
precedent to any velocity, acquired by the moveable in that time: and therefore 
before we go any farther, I will seek to remove this difficulty, which shall be an 
easie task; for I reply, that the moveable passeth by the aforesaid degrees, The 
moveable departing from rest passeth thorow all degrees of velocity without 
staying in any. but the passage is made without staying in any of them; so that 
the passage requiring but one sole instant of time, and every small time 
containing infinite instants, we shall not want enough of them to assign its own 
to each of the infinite degrees of tardity; although the time were never so short. 


SAGR. 


Hither to I apprehend you; nevertheless it is very much that that Ball shot from a 
Cannon (for such I conceive the cadent moveable) which yet we see to fall with 
such a precipice, that in less than ten pulses it will pass two hundred yards of 
altitude; should in its motion be joyned with so small a degree of velocity, that, 
should to have moved at that rate without farther it would not have past the 
same in a day. 


SALV. 


You may say, nor , nor in ten, no nor in a thousand; as I will endeavour you, and 
also happily without your contradiction, to some simple questions that I will 
propound to you. Therefore tell me if you make any question of granting that, 
that that ball in descending goeth increasing its impetus and velocity. 


SAGR. 
I am most certain it doth. 
SALV. 


And if I should say that the impetus acquired in any place of its motion, is so 
much, that it would suffice to recarry it to that place from which it came, would 
you grant it? 


SAGR. 


I should consent to it without contradiction, provided alwaies, that it might 
imploy without impediment its whole impetus in that sole work of re-conducting 
it self, or another equal to it, to that self-same height as it would do, The 
ponderous mover descending acquireth impetus sufficient to recarry it to the like 
height. in case the Earth were bored thorow the centre, and the Bullet fell a 
thousand yards from the said centre, for I verily believe it would pass beyond the 
centre, ascending as much as it had descended; and this I see plainly in the 
experiment of a plummet hanging at a line, which removed from the 
perpendicular, which is its state of rest, and afterwards let go, falleth towards the 
said perpendicular, and goes as far beyond it; or onely so much less, as the 
opposition of the air, and line, or other accidents have hindred it. The like I see 
in the water, which descending thorow a pipe, re-mounts as much as it had 
descended. 


SALV. 


You argue very well. And for that I know you will not scruple to grant that the 
acquist of the impetus is by means of the receding from the term whence the 
moveable departed, and its approach to the centre, whither it motion tendeth; 
will you stick to yeeld, that two equal moveables, though descending by divers 
lines, without any impediment, acquire equal impetus, provided that the 
approaches to the centre be equal? 


SAGR. 
I do not very well understand the question. 


SALV. 


I will express it better by drawing a Figure: therefore I will suppose the line AB 
[in Fig. 3. ] parallel to the Horizon, and upon the point B, I will erect a 
perpendicular BC; and after that I adde this slaunt line CA. Understanding now 
the line CA to be an inclining plain exquisitely polished, and hard, upon which 
descendeth a ball perfectly round and of very hard matter, and such another I 
suppose freely to descend by the perpendicular CB: will you now confess that 
the impetus of that which descends by the plain CA, being arrived to the point A, 
may be equal to the impetus acquired by the other in the point B, after the 
descent by the perpendicular CB? 


SAGR. 


I resolutely believe so: The impetuosity of moveables equally approaching to the 
centre, are equal. for in effect they have both the same proximity to the centre, 
and by that, which I have already granted, their impetuosities would be equally 
sufficient to recarry them to the same height. 


SALV. 


Tell me now what you believe the same ball would do put upon the Horizontal 
plane AB? 


SAGR. 


It would lie still, Vpon an horizontall plane the moveable lieth still. the said 
plane having no declination. 


SALV. 


But on the inclining plane CA it would descend, but with a gentler motion than 
by the perpendicular CB? 


SAGR. 


I may confidently answer in the affirmative, it seeming to me necessary that the 
motion by the perpendicular CB should be more swift, than by the inclining 
plane CA; yet nevertheless, if this be, how can the Cadent by the inclination 
arrived to the point A, have as much impetus, that is, the same degree of 
velocity, that the Cadent by the perpendicular shall have in the point B? these 
two Propositions seem contradictory. 


SALV. 


Then you would think it much more false, The velocity by the inclining plane 
equal to the velocity by the perpendicular, and the motion by the perpendicular 
swifter than by the inclination. should I say, that the velocity of the Cadents by 
the perpendicular, and inclination, are absolutely equal: and yet this is a 
Proposition most true, as is also this that the Cadent moveth more swiftly by the 
perpendicular, than by the inclination. 


SAGR. 


These Propositions to my ears sound very harsh: and I believe to yours 
Simplicius? 


SIMPL. 

I have the same sense of them. 

SALV. 

I conceit you jest with me, pretending not to comprehend what you know better 
than my self: therefore tell me Simplicius, when you imagine a moveable more 
swift than another, what conceit do you fancy in your mind? 


SIMPL. 


I fancie one to pass in the same time a greater space than the other, or to move 
equal spaces, but in lesser time. 


SALV. 

Very well: and for moveables equally swift, what’s your conceit of them? 
SIMPL. 

I fancie that they pass equal spaces in equal times. 

SALV. 


And have you no other conceit thereof than this? 


SIMPL. 
This I think to be the proper definition of equal motions. 
SAGR. 


We will add moreover this other: Velocities are said to be equal, when the 
spaces passed are proportionate to their time. and call that equal velocity, when 
the spaces passed have the same proportion, as the times wherein they are past, 
and it is a more universal definition. 


SALV. 


It is so: for it comprehendeth the equal spaces past in equal times, and also the 
unequal past in times unequal, but proportionate to those spaces. Take now the 
same Figure, and applying the conceipt that you had of the more hastie motion, 
tell me why you think the velocity of the Cadent by CB, is greater than the 
velocity of the Descendent by CA? 


SIMPL. 


I think so; because in the same time that the Cadent shall pass all CB, the 
Descendent shall pass in CA, a part less than CB. 


SALV. 


True; and thus it is proved, that the moveable moves more swiftly by the 
perpendicular, than by the inclination. Now consider, if in this same Figure one 
may any way evince the other conceipt, and finde that the moveables were 
equally swift by both the lines CA and CB. 


SIMPL. 
I see no such thing; nay rather it seems to contradict what was said before. 
SALV. 


And what say you, Sagredus? I would not teach you what you knew before, and 
that of which but just now you produced me the definition. 


SAGR. 


The definition I gave you, was, that moveables may be called equally swift, 
when the spaces passed are proportional to the times in which they passed; 
therefore to apply the definition to the present case, it will be requisite, that the 
time of descent by CA, to the time of falling by CB, should have the same 
proportion that the line CA hath to the line CB; but I understand not how that 
can be, for that the motion by CB is swifter than by CA. 


SALV. 


And yet you must of necessity know it. Tell me a little, do not these motions go 
continually accelerating? 


SAGR. 
They do; but more in the perpendicular than in the inclination. 
SALV. 


But this acceleration in the perpendicular, is it yet notwithstanding such in 
comparison of that of the inclined, that two equal parts being taken in any place 
of the said perpendicular and inclining lines, the motion in the parts of the 
perpendicular is alwaies more swift, than in the part of the inclination? 


SAGR. 


I say not so: but I could take a space in the inclination, in which the velocity 
shall be far greater than in the like space taken in the perpendicular; and this 
shall be, if the space in the perpendicular should be taken near to the end C, and 
in the inclination, far from it. 


SALV. 


You see then, that the Proposition which saith, that the motion by the 
perpendicular is more swift than by the inclination, holds not true universally, 
but onely of the motions, which begin from the extremity, namely from the point 
of rest: without which restriction, the Proposition would be so deficient, that its 
very direct contrary might be true; namely, that the motion in the inclining plane 
is swifter than in the perpendicular: for it is certain, that in the said inclination, 


we may take a space past by the moveable in less time, than the like space past 
in the perpendicular. Now because the motion in the inclination is in some places 
more, in some less, than in the perpendicular; therefore in some places of the 
inclination, the time of motion of the moveable, shall have a greater proportion 
to the time of the motion of the moveable, by some places of the perpendicular, 
than the space passed, to the space passed: and in other places, the proportion of 
the time to the time, shall be less than that of the space to the space. As for 
example: two moveables departing from their quiescence, namely, from the 
point C, one by the perpendicular CB, [in Fig. 4. ] and the other by the 
inclination CA, in the time that, in the perpendicular, the moveable shall have 
past all CB, the other shall have past CT lesser. And therefore the time by CT, to 
the time by CB (which is equal) shall have a greater proportion than the line CT 
to CB, being that the same to the less, hath a greater proportion than to the 
greater. And on the contrary, if in CA, prolonged as much as is requisite, one 
should take a part equal to CB, but past in a shorter time; the time in the 
inclination shall have a less proportion to the time in the perpendicular, than the 
space to the space. If therefore in the inclination and perpendicular, we may 
suppose such spaces and velocities, that the proportion between the said spaces 
be greater and less than the proportion of the times; we may easily grant, that 
there are also spaces, by which the times of the motions retain the same 
proportion as the spaces. 


SAGR. 


I am already freed from my greatest doubt, and conceive that to be not onely 
possible, but necessary, which I but now thought a contradiction: but 
nevertheless I understand not as yet, that this whereof we now are speaking, is 
one of these possible or necessary cases; so as that it should be true, that the time 
of descent by CA, to the time of the fall by CB, hath the same proportion that the 
line CA hath to CB; whence it may without contradiction be affirmed, that the 
velocity by the inclination CA, and by the perpendicular CB, are equal. 


SALV. 


Content your self for this time, that I have removed your incredulity; but for the 
knowledge of this, expect it at some other time, namely, when you shall see the 
matters concerning local motion demonstrated by our Academick; at which time 
you shall find it proved, that in the time that the one moveable falls all the space 
CB, the other descendeth by CA as far as the point T, in which falls the 


perpendicular drawn from the point B: and to find where the same Cadent by the 
perpendicular would be when the other arriveth at the point A, draw from A the 
perpendicular unto CA, continuing it, and CB unto the interfection, and that shall 
be the point sought. Whereby you see how it is true, that the motion by CB is 
swifter than by the inclination CA (supposing the term C for the beginning of the 
motions compared) because the line CB is greater than CT, and the other from C 
unto the intersection of the perpendicular drawn from A, unto the line CA, is 
greater than CA, and therefore the motion by it is swifter than by CA. But when 
we compare the motion made by all CA, not with all the motion made in the 
same time by the perpendicular continued, but with that made in part of the time, 
by the sole part CB, it hinders not, that the motion by CA, continuing to descend 
beyond, may arrive to A in such a time as is in proportion to the other time, as 
the line CA is to the line CB. Now returning to our first purpose; which was to 
shew, that the grave moveable leaving its quiescence, passeth descending by all 
the degrees of tardity, precedent to any whatsoever degree of velocity that it 
acquireth, reassuming the same Figure which we used before, let us remember 
that we did agree, that the Descendent by the inclination CA, and the Cadent by 
the perpendicular CB, were found to have acquired equal degrees of velocity in 
the terms B and A: now to proceed, I suppose you will not scruple to grant, that 
upon another plane less steep than AC; as for example, AD [in Fig. 5. ] the 
motion of the descendent would be yet more flow than in the plane AC. So that 
it is not any whit dubitable, but that there may be planes so little elevated above 
the Horizon AB, that the moveable, namely the same ball, in any the longest 
time may reach the point A, which being to move by the plane AB, an infinite 
time would not suffice: and the motion is made always more slowly, by how 
much the declination is less. It must be therefore confest, that there may be a 
point taken upon the term B, so near to the said B, that drawing from thence to 
the point A a plane, the ball would not pass it in a whole year. It is requisite next 
for you to know, that the impetus, namely the degree of velocity the ball is found 
to have acquired when it arriveth at the point A, is such, that should it continue 
to move with this self-same degree uniformly, that is to say, without accelerating 
or retarding; in as much more time as it was in coming by the inclining plane, it 
would pass double the space of the plane inclined: namely (for example) if the 
ball had past the plane DA in an hour, continuing to move uniformly with that 
degree of velocity which it is found to have in its arriving at the term A, it shall 
pass in an hour a space double the length DA; and because (as we have said) the 
degrees of velocity acquired in the points B and A, by the moveables that depart 
from any point taken in the perpendicular CB, and that descend, the one by the 
inclined plane, the other by the said perpendicular, are always equal: therefore 


the cadent by the perpendicular may depart from a term so near to B, that the 
degree of velocity acquired in B, would not suffice (still maintaining the same) 
to conduct the moveable by a space double the length of the plane inclined in a 
year, nor in ten, no nor in a hundred. We may therefore conclude, that if it be 
true, that according to the ordinary course of nature a moveable, all external and 
accidental impediments removed, moves upon an inclining plane with greater 
and greater tardity, according as the inclination shall be less; so that in the end 
the tardity comes to be infinite, which is, when the inclination concludeth in, and 
joyneth to the horizontal plane; and if it be true likewise, that the degree of 
velocity acquired in some point of the inclined plane, is equal to that degree of 
velocity which is found to be in the moveable that descends by the 
perpendicular, in the point cut by a parallel to the Horizon, which passeth by that 
point of the inclining plane; it must of necessity be granted, that the cadent 
departing from rest, passeth thorow all the infinite degrees of tardity, and that 
consequently, to acquire a determinate degree of velocity, it is necessary that it 
move first by right lines, descending by a short or long space, according as the 
velocity to be acquired, ought to be either less or greater, and according as the 
plane on which it descendeth is more or less inclined; so that a plane may be 
given with so small inclination, that to acquire in it the assigned degree of 
velocity, it must first move in a very great space, and take a very long time; 
whereupon in the horizontal plane, any how little soever velocity, would never 
be naturally acquired, since that the moveable in this case will never move: but 
the motion by the horizontal line, The circular motion is never acquired 
naturally, without right motion precede it. Circular motion perpetually uniform. 
which is neither declined or inclined, is a circular motion about the centre: 
therefore the circular motion is never acquired naturally, without the right 
motion precede it; but being once acquired, it will continue perpetually with 
uniform velocity. I could with other discourses evince and demonstrate the same 
truth, but I will not by so great a digression interrupt our principal argument: but 
rather will return to it upon some other occasion; especially since we not 
assumed the same, not to serve for a necessary demonstration, but to adorn a 
Platonick Conceit; to which I will add another particular observation of our 
Academick, which hath in it something of admirable. Let us suppose amongst 
the decrees of the divine Architect, a purpose of creating in the World these 
Globes, which we behold continually moving round, and of assigning the centre 
of their conversions; and that in it he had placed the Sun immoveable, and had 
afterwards made all the said Globes in the same place, and with the intended 
inclinations of moving towards the Centre, till they had acquired those degrees 
of velocity, which at first seemed good to the same Divine Minde; the which 


being acquired, we lastly suppose that they were turned round, each in his 
Sphere retaining the said acquired velocity: it is now demanded, in what altitude 
and distance from the Sun the place was where the said Orbs were primarily 
created; and whether it be possible that they might all be created in the same 
place? To make this investigation, we must take from the most skilfull 
Astronomers the magnitude of the Spheres in which the Planets revolve, and 
likewise the time of their revolutions: from which two cognitions is gathered 
how much (for example) Jupiter is swifter than Saturne; and being found (as 
indeed it is) that Jupiter moves more swiftly, it is requisite, that departing from 
the same altitude, Jupiter be descended more than Saturne, as we really know it 
is, its Orbe being inferiour to that of Saturne. But by proceeding forwards, from 
the proportions of the two velocities of Jupiter and Saturne, and from the 
distance between their Orbs, and from the proportion of acceleration of natural 
motion, one may finde in what altitude and distance from the centre of their 
revolutions, The magnitude of the Orbs, and the velocity of the motion of the 
Planets, answer proportionably, as if descended from the same place. was the 
place from whence they first departed. This found out, and agreed upon, it is to 
be sought, whether Mars descending from thence to his Orb, the magnitude of 
the Orb, and the velocity of the motion, agree with that which is found by 
calculation; and let the like be done of the Earth, of Venus, and of Mercury; the 
greatness of which Spheres, and the velocity of their motions, agree so nearly to 
what computation gives, that it is very admirable. 


SAGR. 


I have hearkened to this conceit with extreme delight; and, but that I believe the 
making of these calculations truly would be a long and painfull task, and perhaps 
too hard for me to comprehend, I would make a trial of them. 


SALV. 


The operation indeed is long and difficult; nor could I be certain to finde it so 
readily; therefore we shall refer it to another time, and for the present we will 
return to our first proposal, going on there where we made digression; which, if I 
well remember, was about the proving the motion by a right line of no use, in 
the ordinate parts of the World; and we did proceed to say, that it was not so in 
circular motions, of which that which is made by the moveable in it self, Finite 
and terminate circular motions disorder not the parts of the World. still retains it 
in the same place, and that which carrieth the moveable by the circumference of 


a circle about its fixed centre, neither puts it self, nor those about it in disorder; 
for that such a motion primarily is finite and terminate (though not yet finished 
and determined) but there is no point in the circumference, In the circular 
motion, every point in the circumference is the begining and end. that is not the 
first and last term in the circulation; and continuing it in the circumference 
assigned it, it leaveth all the rest, within and without that, free for the use of 
others, without ever impeding or disordering them. This being a motion that 
makes the moveable continually leave, and continually arrive at the end; Circular 
motion onely is uniform. it alone therefore can primarily be uniform; for that 
acceleration of motion is made in the moveable, when it goeth towards the term, 
to which it hath inclination; and the retardation happens by the repugnance that it 
hath to leave and part from the same term; and because in circular motion, the 
moveable continually leaves the natural term, and continually moveth towards 
the same, therefor, in it, the repugnance and inclination are always of equal 
force: from which equality results a velocity, neither retarded nor accelerated, i. 
e. an uniformity in motion. From this conformity, and from the being terminate, 
Circular motion may be continued perpetually. may follow the perpetual 
continuation by successively reiterating the circulations; which in an 
undeterminated line, and in a motion continually retarded or accelerated, cannot 
naturally be. Right motion cannot naturally be perpetual. I say, naturally; 
because the right motion which is retarded, is the violent, which cannot be 
perpetual; and the accelerate arriveth necessarily at the term, if one there be; and 
if there be none, it cannot be moved to it, because nature moves not whether it is 
impossible to attain. I conclude therefore, that the circular motion can onely 
naturally consist with natural bodies, parts of the universe, and constituted in an 
excellent disposure; and that the right, at the most that can be said for it, is 
assigned by nature to its bodies, Right motion assigned to natural bodies, to 
reduce them to perfect order, when removed from their places. and their parts, at 
such time as they shall be out of their proper places, constituted in a depraved 
disposition, and for that cause needing to be redu d by the shortest way to their 
natural state. Hence, me thinks, it may rationally be concluded, that for 
maintenance of perfect order amongst the parts of the World, it is necessary to 
say, that moveables are moveable onely circularly; and if there be any that move 
not circularly, Rest onely, and circular motion are apt to conserve order. these of 
necessity are immoveable: there being nothing but rest and circular motion apt to 
the conservation of order. And I do not a little wonder with my self, that 
Aristotle, who held that the Terrestrial globe was placed in the centre of the 
World, and there remained immoveable, should not say, that of natural bodies 


some are moveable by nature, and others immoveable; especially having before 
defined Nature, to be the principle of Motion and Rest. 


SIMPL. 


Aristotle, though of a very perspicacious wit, would not strain it further than 
needed: Sensible experiments are to be preferred before humane argumentations. 
holding in all his argumentations, that sensible experiments were to be preferred 
before any reasons founded upon strength of wit, and said those which should 
deny the testimony of sense deserved to be punished with the loss of that sense; 
He who denies sense, deserves to be deprived of it. Sense sheweth that things 
grave move to the medium, and the light to the concave. now who is so blind, 
that sees not the parts of the Earth and Water to move, as being grave, naturally 
downwards, namely; towards the centre of the Universe, assigned by nature her 
self for the end and term of right motion deorstm; and doth not likewise see the 
Fire and Air to move right upwards towards the Concave of the Lunar Orb, as to 
the natural end of motion sursum? And this being so manifestly seen, and we 
being certain, that eadem est ratio totius & partium, why may we not assert it for 
a true and manifest proposition, that the natural motion of the Earth is the right 
motion ad medium, and that of the Fire, the right a medio? 


SALV. 


The most that you can pretend from this your Discourse, were it granted to be 
true, is that, like as the parts of the Earth removed from the whole, namely, from 
the place where they naturally rest, that is in short reduced to a depraved and 
disordered disposure, return to their place spontaneously, and therefore naturally 
in a right motion, (it being granted, that eadem sit ratio totius & partium) so it 
may be inferred, that the Terrestrial Globe removed violently from the place 
assigned it by nature, It is questionable whether descending weights move in a 
right line. it would return by a right line. This, as I have said, is the most that can 
be granted you, and that onely for want of examination; but he that shall with 
exactness revise these things, will first deny, that the parts of the Earth, in 
returning to its whole, move in a right line, and not by a circular or mixt; and 
really you would have enough to do to demonstrate the contrary, as you shall 
plainly see in the answers to the particular reasons and experiments alledged by 
Ptolomey and Aristotle. Secondly, If another should say that the parts of the 
Earth, go not in their motion towards the Centre of the World, but to unite with 
its Whole, and that for that reason they naturally incline towards the centre of the 


Terrestrial Globe, by which inclination they conspire to form and preserve it, 
what other All, or what other Centre would you find for the World, The Earth 
sperical by the conspiration of its parts to its Centre. to which the whole Terrene 
Globe, being thence removed, would seek to return, that so the reason of the 
Whole might be like to that of its parts? It may be added, That neither Aristotle, 
nor you can ever prove, that the Earth de facto is in the centre of the Universe; 
but if any Centre may be assigned to the Universe, The Sun more probably in 
the centre of the Vniverse, than the Earth. we shall rather find the Sun placed in 
it, as by the sequel you shall understand. 


Now, like as from the consentaneous conspiration of all the parts of the Earth to 
form its whole, doth follow, that they with equal inclination concurr thither from 
all parts; Natural inclination of the parts of all the globes of the World to go to 
their centre. and to unite themselves as much as is possible together, they there 
spherically adapt themselves; why may we not believe that the Sun, Moon, and 
other mundane Bodies, be also of a round figure, not by other than a concordant 
instinct, and natural concourse of all the parts composing them? Of which, if 
any, at any time, by any violence were separated from the whole, is it not 
reasonable to think, that they would spontaneously and by natural instinct 
return? and in this manner to infer, that the right motion agreeth with all 
mundane bodies alike. 


SIMPL. 


Certainly, if you in this manner deny not onely the Principles of Sciences, but 
manifest Experience, and the Senses themselves, you can never be convinced or 
removed from any opinion which you once conceit, therefore I will choose 
rather to be silent (for, contra negantes principia non est disputandum) than 
contend with you. And insisting on the things alledged by you even now (since 
you question so much as whether grave moveables have a right motion or no) 
how can you ever rationally deny, The right motion of grave bodies manifest to 
sense. that the parts of the Earth; or, if you will, that ponderous matters descend 
towards the Centre, with a right motion; whenas, if from a very high Tower, 
whose walls are very upright and perpendicular, you let them fall, they shall 
descend gliding and sliding by the Tower to the Earth, exactly in that very place 
where a plummet would fall, being hanged by a line fastned above, just there, 
whence the said weights were let fall? is not this a more than evident argument 
of the motions being right, and towards the Centre?Arguments of Aristotle, to 
prove that grave bodies move with an inclination to arrive at the centre of the 


Vniverse. In the second place you call in doubt, whether the parts of the Earth 
are moved, as Aristotle affirms, towards the Centre of the World; as if he had not 
rationally demonstrated it by contrary motions, whilst he thus argueth; The 
motion of heavie bodies is contrary to that of the light: but the motion of the 
light is manifest to be directly upwards, namely, towards the circumference of 
the World, therefore the motion of the heavie is directly towards the Centre of 
the World: and it happens per accidens, Heavie bodies move towards the centre 
of the Earth per accidens. that it be towards the centre of the Earth, for that this 
striveth to be united to that. The seeking in the next place, what a part of the 
Globe of the Sun or Moon would do, were it separated from its whole, is vanity; 
because that thereby that is sought, To seek what would follow upon an 
impossibility, is folly. which would be the consequence of an impossibility; in 
regard that, as Aristotle also demonstrates, the coelestial bodies are impassible, 
impenetrable, and infrangible; so that such a case can never happen: Coelestial 
bodies neither heavie nor light, according to Aristotle. and though it should, and 
that the separated part should return to its whole, it would not return as grave or 
light, for that the same Aristotle proveth, that the Coelestial Bodies are neither 
heavie nor light. 


SALV. 


With what reason I doubt, whether grave bodies move by a right and 
perpendicular line, you shall hear, as I said before, when I shall examine this 
particular argument. Touching the second point, I wonder that you should need 
to discover the Paralogism of Aristotle, being of it self so manifest; and that you 
perceive not, that Aristotle supposeth that which is in question: therefore take 
notice. 


SIMPL. 


Pray Salviatus speak with more respect of Aristotle: for who can you ever 
perswade, that he who was the first, only, and admirable explainer of the 
Syllogistick forms of demonstration, Aristotle cannot equivocate, being the 
inventer of Logick. of Elenchs, of the manner of discovering Sophisms, 
Paralogisms, and in short, of all the parts of Logick, should afterwards so 
notoriously equivocate in imposing that for known, which is in question? It 
would be better, my Masters, first perfectly to understand him, and then to try, if 
you have a minde, to oppose him. 


SALV. 


Simplicius, we are here familiarly discoursing among our selves, to investigate 
some truth; I shall not be displeased that you discover my errors; and if I do not 
follow the mind of Aristotle, freely reprehend me, and I shall take it in good part. 
Onely give me leave to expound my doubts, and to reply something to your last 
words, telling you, that Logick, as it is well understood, is the Organe with 
which we philosophate; but as it may be possible, that an Artist may be excellent 
in making Organs, but unlearned in playing on them, thus he might be a great 
Logician, but unexpert in making use of Logick; like as we have many that 
theorically understand the whole Art of Poetry, and yet are unfortunate in 
composing but meer four Verses; others enjoy all the precepts of Vinci A 
famous Italian Painter., and yet know not how to paint a Stoole. The playing on 
the Organs is not taught by them who know how to make Organs, but by him 
that knows how to play on them: Poetry is learnt by continual reading of Poets: 
Limning is learnt by continual painting and designing: Demonstration from the 
reading of Books full of demonstrations, which are the Mathematical onely, and 
not the Logical. Now returning to our purpose, I say, that that which Aristotle 
seeth of the motion of light bodies, is the departing of the Fire from any part of 
the Superficies of the Terrestrial Globe, and directly retreating from it, mounting 
upwards; and this indeed is to move towards a circumference greater than that of 
the Earth; yea, the same Aristotle makes it to move to the concave of the Moon, 
but that this circumference is that of the World, or concentrick to it, so that to 
move towards this, is a moving towards that of the World, that he cannot affirm, 
unless he supposeth, That the Centre of the Earth, Paralogism of Aristotle, in 
proving the Earth to be in the Centre of the World. from which we see these light 
ascendent bodies to depart, be the same with the Centre of the World; which is 
as much as to say, that the terrestrial Globe is constituted in the midst of the 
World: which is yet that of which we were in doubt, and which Aristotle 
intended to prove. And do you say that this is not a manifest Paralogism? The 
Paralogisme of Aristotle another way discovered. 


SAGR. 


This Argument of Aristotle appeared to me deficient also, and non-concludent 
for another respect; though it were granted, that that Circumference, to which the 
Fire directly moveth, be that which includeth the World: for that in a circle, not 
onely the centre, but any other point being taken, every moveable which 
departing thence, shall move in a right line, and towards any whatsoever part, 


shall without any doubt go towards the circumference, and continuing the 
motion, shall also arrive thither; so that we may truly say, that it moveth towards 
the circumference: but yet it doth not follow, that that which moveth by the same 
line with a contrary motion, would go towards the centre, unless when the point 
taken were the centre it self, or that the motion were made by that onely line, 
which produced from the point assigned, passeth thorow the centre. So that to 
say, that Fire moving in a right line, goeth towards the circumference of the 
World, therefore the parts of the Earth which by the same lines move with a 
contrary motion, go towards the centre of the World, concludeth not, unless then 
when it is presupposed, that the lines of the Fire prolonged pass by the centre of 
the World; and because we know certainly of them, that they pass by the centre 
of the Terrestrial Globe (being perpendicular to its superficies, and not inclined) 
therefore to conclude, it must be supposed, that the centre of the Earth is the 
same with the centre of the World; or at least, that the parts of the Fire and Earth 
descend not, save onely by one sole line which passeth by the centre of the 
World. Which nevertheless is false, and repugnant to experience, which sheweth 
us, that the parts of Fire, not by one line onely, but by infinite, produced from the 
centre of the Earth towards all the parts of the World, ascend always by lines 
perpendicular to the Superficies of the Terrestrial Globe. 


SALV. 


You do very ingeniously lead Aristotle to the same inconvenience, Sagredus, 
shewing his manifest equivoke; but withal you add another inconsistency. We 
see the Earth to be spherical, and therefore are certain that it hath its centre, to 
which we see all its parts are moved; for so we must say, whilst their motions are 
all perpendicular to the Superficies of the Earth; we mean, that as they move to 
the centre of the Earth, they move to their Whole, and to their Universal Mother: 
and we are still farther so free, that we will suffer our selves to be perswaded, 
that their natural instinct is, Grave bodies may more rationally be affirmed to 
tend to the Centre of the Earth, than of the Vniverse. not to go towards the centre 
of the Earth, but towards that of the Universe; which we know not where to find, 
or whether it be or no; and were it granted to be, it is but an imaginary point, and 
a nothing without any quality. As to what Simplicius said last, that the 
contending whether the parts of the Sun, Moon, or other coelestial Body, 
separated from their Whole, should naturally return to it, is a vanity, for that the 
case is impossible; it being clear by the Demonstrations of Aristotle, that the 
coelestial Bodies are impassible, The conditions and attributes which differ the 
coelestial bodies from Elementary, depend on the motions assigned them by 


Arist. impenetrable, unpartable, &c. I answer, that none of the conditions, 
whereby Aristotle distinguisheth the Coelestial Bodies from Elementary, hath 
other foundation than what he deduceth from the diversity of the natural motion 
of those and these; insomuch that it being denied, that the circular motion is 
peculiar to Coelestial Bodies, and affirmed, that it is agreeable to all Bodies 
naturally moveable, it is behoofull upon necessary consequence to say, either 
that the attributes of generable, or ingenerable, alterable, or unalterable, partable, 
or unpartable, &c. equally and commonly agree with all worldly bodies, namely, 
as well to the Coelestial as to the Elementary; or that Aristotle hath badly and 
erroneously deduced those from the circular motion, which he hath assigned to 
Coelestial Bodies. 


SIMPL. 


This manner of argumentation tends to the subversion of all Natural Philosophy, 
and to the disorder and subversion of Heaven and Earth, and the whole Universe; 
but I believe the Fundamentals of the Peripateticks are such, that we need not 
fear that new Sciences can be erected upon their ruines. 


SALV. 


Take no thought in this place for Heaven or the Earth, neither fear their 
subversion, or the ruine of Philosophy. As to Heaven, your fears are vain for that 
which you your self hold unalterable and impassible; as for the Earth, we strive 
to enoble and perfect it, whilst we make it like to the Coelestial Bodies, and as it 
were place it in Heaven, whence your Philosophers have exiled it. The disputes 
and contradictions of Philosophers may conduce to the benefit of Philosophy. 
Philosophy it self cannot but receive benefit from our Disputes, for if our 
conceptions prove true, new Discoveries will be made; if false, the first Doctrine 
will be more confirmed. Rather bestow your care upon some Philosophers, and 
help and defend them; for as to the Science it self, it cannot but improve. And 
that we may return to our purpose, be pleased freely to produce what presents it 
self to you in confirmation of that great difference which Aristotle puts between 
the Coelestial Bodies, and the Elementary parts of the World, in making those 
ingenerable, incorruptible, unalterable, &c. and this corruptible, alterable, &c. 


SIMPL. 


I see not yet any need that Aristotle hath of help, standing as he doth stoutly and 
strongly on his feet; yea not being yet assaulted, much less foiled by you. And 
what ward will you choose in this combate for this first blow?Aristotles 
discourse to prove the incorruptibility of Heaven. Aristotle writeth, that whatever 
is generated, is made out of a contrary in some subject, and likewise is corrupted 
in some certain subject from a contrary into a contrary; Generation & corruption 
is onely amongst contraries, according to Arist. so that (observe) corruption and 
generation is never but onely in contraries; If therefore to a Coelestial Body no 
contrary can be assigned, for that to the circular motion no other motion is 
contrary, To the circular motion no other motion is contrary. then Nature hath 
done very well to make that exempt from contraries, which was to be 
ingenerable and incorruptible, This fundamental first confirmed, it immediately 
followeth of consequence, that it is inaugmentable, inalterable, Heaven an 
habitation for the immortal Gods. impassible, and finally eternal, and a 
proportionate habitation to the immortal Deities, conformable to the opinion 
even of all men that have any conceit of the Gods. He afterwards confirmeth the 
same by sense; Immutability of Heaven evident to sense. in regard, that in all 
times past, according to memory or tradition, we see nothing removed, according 
to the whole outward Heaven, nor any of its proper parts. He proveth that the 
circular motion hath no contrary. Next, as to the circular motion, that no other is 
contrary to it, Aristotle proveth many ways; but without reciting them all, it is 
sufficiently demonstrated, since simple motions are but three, to the medium, 
from the medium, and about the medium, of which the two right, sursum and 
deorsum, are manifestly contrary; and because one onely hath onely one for 
contrary, therefore there rests no other motion which may be contrary to the 
circular. You see the subtle and most concluding discourse of Aristotle, whereby 
he proveth the incorruptibility of Heaven. 


SALV. 


This is nothing more, save the pure progress of Aristotle, by me hinted before; 
wherein, besides that I affirm, that the motion which you attribute to the 
Coelestial Bodies agreeth also to the Earth, its illation proves nothing. I tell you 
therefore, that that circular motion which you assign to Coelestial Bodies, suiteth 
also to the Earth, from which, supposing that the rest of your discourse were 
concludent, will follow one of these three things, as I told you a little before, and 
shall repeat; namely, either that the Earth it self is also ingenerable, and 
incorruptible, as the Coelestial bodies; or that the Coelestial bodies are, like as 
the Elementary generable, alterable &c. or that this difference of motion hath 


nothing to do with Generation and Corruption. The discourse of Aristotle, and 
yours also contain many Propositions not to be lightly admitted, and the better to 
examine them, it will be convenient to reduce them to the most abstracted and 
distinct that can be possible; and excuse me Sagredus, if haply with some 
tediousness you hear me oft repeat the same things, and fancie that you see me 
reassume my argument in the publick circle of Disputations. You say Generation 
and Corruption are onely made where there are contraries; contraries are onely 
amongst simple natural bodies, moveable with contrary motions; contrary 
motions are onely those which are made by a right line between contrary terms; 
and these are onely two, that is to say, from the medium, and towards the 
medium; and such motions belong to no other natural bodies, but to the Earth, 
the Fire, and the other two Elements: therefore Generation and Corruption is 
onely amongst the Elements. And because the third simple motion, namely, the 
circular about the medium, hath no contrary, (for that the other two are 
contraries, and one onely, hath but onely one contrary) therefore that natural 
body with which such motion agreeth, wants a contrary; and having no contrary 
is ingenerable and incorruptible, &c. Because where there is no contrariety, there 
is no generation or corruption, &c. But such motion agreeth onely with the 
Coelestial bodies; therefore onely these are ingenerable, Its easier to prove the 
Earth to move, than that corruption is made by contraries. incorruptible, &c. And 
to begin, I think it a more easie thing, and sooner done to resolve, whether the 
Earth (a most vast Body, and for its vicinity to us, most tractable) moveth with a 
speedy motion, such as its revolution about its own axis in twenty four hours 
would be, than it is to understand and resolve, whether Generation and 
Corruption ariseth from contrariety, or else whether there be such things as 
generation, corruption and contrariety in nature. And if you, Simplicius, can tell 
me what method Nature observes in working, when she in a very short time 
begets an infinite number of flies from a little vapour of the Must of wine, and 
can shew me which are there the contraries you speak of, what it is that 
corrupteth, and how; I should think you would do more than I can; for I profess I 
cannot comprehend these things. Besides, I would very gladly understand how, 
and why these corruptive contraries are so favourable to Daws, and so cruel to 
Doves; so indulgent to Stags, and so hasty to Horses, that they do grant to them 
many more years of life, that is, of incorruptibility, than weeks to these. Peaches 
and Olives are planted in the same soil, exposed to the same heat and cold, to the 
same wind and rains, and, in a word, to the same contrarieties; and yet those 
decay in a short time, and these live many hundred years. Furthermore, I never 
was thorowly satisfied about this substantial transmutation (still keeping within 
pure natural bounds) whereby a matter becometh so transform’d, that it should 


be necessarily said to be destroy’d, so that nothing remaineth of its first being, 
and that another body quite differing there-from should be thence produced; 
Bare transposition of parts may represent bodies under diverse asp cts. and if I 
fancy to my self a body under one aspect, and by and by under another very 
different, I cannot think it impossible but that it may happen by a simple 
transposition of parts, without corrupting or ingendring any thing a-new; for we 
see such kinds of Metamorphoses dayly: so that to return to my purpose, I 
answer you, that inasmuch as you go about to perswade me that the Earth can 
not move circularly by way of corruptibility and generability, you have 
undertook a much harder task than I, that with arguments more difficult indeed, 
but no less concluding, will prove the contrary. 


SAGR. 


Pardon me, Salviatus, if I interrupt your discourse, which, as it delights me 
much, for that I also am gravel’d with the same doubts; so I fear that you can 
never conclude the same, without altogether digressing from your chief design: 
therefore if it be permitted to proceed in our first argument, I should think that it 
were convenient to remit this question of generation and corruption to another 
distinct and single conference; as also, if it shall please you and Simplicius, we 
may do by other particular questions which may fall in the way of our discourse; 
which I will keep in my mind to propose, and exactly discuss them some other 
time. Now as for the present, since you say, that if Aristotle deny circular motion 
to the Earth in common with other bodies Coelestial, it thence will follow, that 
the same which befalleth the Earth, as to its being generable, alterable, &c. will 
hold also of Heaven, let us enquire no further if there be such things in nature, as 
generation and corruption, or not; but let us return to enquire what the Globe of 
the Earth doth. 


SIMPL. 


I cannot suffer my ears to hear it question’d, whether generation and corruption 
be in rerum natura, it being a thing which we have continually before our eyes, 
By denying Principles in the Sciences, any Paradox may be maintained. and 
whereof Aristotle hath written two whole Books. But if you go about to deny the 
Principles of Sciences, and question things most manifest, who knows not, but 
that you may prove what you will, and maintain any Paradox? And if you do not 
dayly see herbs, plants, animals to generate and corrupt, what is it that you do 
see? Also, do you not continually behold contrarieties contend together, and the 


Earth change into Water, the Water turn to Air, the Air into Fire, and again the 
Air to condense into Clouds, Rains, Hails and Storms? 


SAGR. 

Yes, we see these things indeed, and therefore will grant you the discourse of 
Aristotle, as to this part of generation and corruption made by contraries; but if I 
shall conclude by virtue of the same propositions which are granted to Aristotle, 


that the Coelestial bodies themselves are also generable and corruptible, aswell 
as the Elementary, what will you say then? 


SIMPL. 

I will say you have done that which is impossible to be done. 

SAGR. 

Go to; tell me, Simplicius, are not these affections contrary to one another? 
SIMPL. 

Which? 

SAGR. 


Why these; Alterable, unalterable; passible, Or, Impatible. impassible; 
generable, ingenerable; corruptible, incorruptible? 


SIMPL. 

They are most contrary. 

SAGR. 

Well then, if this be true, and it be also granted, that Coelestial Bodies are 
ingenerable and incorruptible; I prove that of necessity Coelestial Bodies must 
be generable and corruptible. 


SIMPL. 


This must needs be a Sophism. 


SAGR. 


Hear my Argument, Coelestial Bodies are generable and corruptible, because 
they are ingenerable and incorruptible. and then censure and resolve it. 
Coelestial Bodies, for that they are ingenerable and incorruptible, have in Nature 
their contraries, which are those Bodies that be generable and corruptible; but 
where there is contrariety, there is also generation and corruption; therefore 
Coelestial Bodies are generable and corruptible. 


SIMPL. 


Did I not say it could be no other than a Sophism? This is one of those forked 
Arguments called Soritae: The forked Syllogism cal’d like that of the Cretan, 
who said that all Cretans were lyars; but he as being a Cretan, had told a lye, in 
saying that the Cretans were lyars; it followed therefore, that the Cretans were no 
lyars, and consequently that he, as being a Cretan, had spoke truth: And yet in 
saying the Cretans were lyars, he had said true, and comprehending himself as a 
Cretan, he must consequently be a lyar. And thus in these kinds of Sophisms a 
man may dwell to eternity, and never come to any conclusion. 


SAGR. 


You have hitherto censured it, it remaineth now that you answer it, shewing the 
fallacie. 


SIMPL. 


As to the resolving of it, and finding out its fallacie, do you not in the first place 
see a manifest contradiction in it? Coelestial Bodies are ingenerable and 
incorruptible; Ergo, Coelestial Bodies are generable and corruptible. Amongst 
Coelestial Bodies there is no contrariety. And again, the contrariety is not 
betwixt the Coelestial Bodies, but betwixt the Elements, which have the 
contrariety of the Motions, sursùm and deorsum, and of levity and gravity; But 
the Heavens which move circularly, to which motion no other motion is 
contrary, want contrariety, and therefore they are incorruptible. 


SAGR. 


Fair and softly, Simplicius; this contrariety whereby you say some simple 
Bodies become corruptible, resides it in the same Body which is corrupted, or 


else hath it relation to some other? I say, if, for example, humidity by which a 
piece of Earth is corrupted, resides it in the same Earth or in some other bodie, 
which must either be the Air or Water? I believe you will grant, that like as the 
Motions upwards and downwards, and gravity and levity, which you make the 
first contraries, cannot be in the same Subject, so neither can moist and dry, hot 
and cold: you must therefore consequently acknowledg that when a bodie 
corrupteth, Contraries which are the causes of corruption, reside not in the same 
body that corrupteth= it is occasioned by some quality residing in another 
contrary to its own: therefore to make the Coelestial Body become corruptible, it 
sufficeth that there are in Nature, bodies that have a contrariety to that Coelestial 
body; and such are the Elements, if it be true that corruptibility be contrary to 
incorruptibility. 


SIMPL. 


This sufficeth not, Sir; The Elements alter and corrupt, because they are 
intermixed, and are joyn’d to one another, and so may exercise their contrariety; 
Coelestial Bodies touch, but are not touched by the Elements. but Coelestial 
bodies are separated from the Elements, by which they are not so much as 
toucht, though indeed they have an influence upon the Elements. It is requisite, if 
you will prove generation and corruption in Coelestial bodies, that you shew, 
that there resides contrarieties between them. 


SAGR. 


See how I will find those contrarieties between them. The first fountain from 
whence you derive the contrariety of the Elements, is the contrariety of their 
motions upwards and downwards: it therefore is necessary that those Principles 
be in like manner contraries to each other, Gravity & levity, rarity and density, 
are contrary qualities. upon which those motions depend: and because that is 
moveable upwards by lightness, and this downwards by gravity, it is necessary 
that lightness and gravity are contrary to each other: no less are we to believe 
those other Principles to be contraries, which are the causes that this is heavy, 
and that light: but by your own confession, levity and gravity follow as 
consequents of rarity and density; therefore rarity and density shall be contraries: 
The stars infinitely surpass the substance of the rest of Heaven in density. the 
which conditions or affections are so amply found in Coelestial bodies, that you 
esteem the stars to be onely more dense parts of their Heaven: and if this be so, it 
followeth that the density of the stars exceeds that of the rest of Heaven, by 


almost infinite degrees: which is manifest, in that Heaven is infinitely 
transparent, and the stars extremely opacous; and for that there are there above 
no other qualities, but more and less density and rarity, which may be causes of 
the greater or less transparency. There being then such contrariety between the 
Coelestial bodies, it is necessary that they also be generable and corruptible, in 
the same manner as the Elementary bodies are; or else that contrariety is not the 
cause of corruptibility, Rarity & density in Coelestial bodies, is different from 
the rarity & density of the elements. &c. 


SIMPL. 


There is no necessity either of one or the other, for that density and rarity in 
Coelestial bodies, are not contraries to each other, as in Elementary bodies; for 
that they depend not on the primary qualities, cold and heat, which are 
contraries; but on the more or less matter in proportion to quantity: now much 
and little, speak onely a relative opposition, that is, the least of oppositions, and 
which hath nothing to do with generation and corruption. 


SAGR. 


Therefore affirming, that density and rarity, which amongst the Elements should 
be the cause of gravity and levity, which may be the causes of contrary motions 
sursum and deors m, on which, again, dependeth the contrarieties for generation 
and corruption; it sufficeth not that they be those densnesses and rarenesses 
which under the same quantity, or (if you will) mass contain much or little 
matter, but it is necessary that they be densnesses and rarenesses caused by the 
primary qualities, hot and cold, otherwise they would operate nothing at all: but 
if this be so, Aristotle defective in assigning the causes why the elements are 
generable & corruptible. Aristotle hath deceived us, for that he should have told 
it us at first, and so have left written that those simple bodies are generable and 
corruptible, that are moveable with simple motions upwards and downwards, 
dependent on levity and gravity, caused by rarity and density, made by much or 
little matter, by reason of heat and cold; and not to have staid at the simple 
motion sursum and deorsum: for I assure you that to the making of bodies heavy 
or light, whereby they come to be moved with contrary motions, any kind of 
density and rarity sufficeth, whether it proceed from heat and cold, or what else 
you please; for heat and cold have nothing to do in this affair: and you shall upon 
experiment find, that a red iron, which you must grant to have heat, weigheth as 
much, and moves in the same manner as when it is cold. But to overpass this 


also, how know you but that Coelestial rarity and density depend on heat and 
cold? 


SIMPL. 


I know it, because those qualities are not amongst Coelestial bodies, which are 
neither hot nor cold. 


SALV. 


I see we are again going about to engulph our selves in a bottomless ocean, 
where there is no getting to shore; for this is a Navigation without Compass, 
Stars, or Rudder: so that it will follow either that we be forced to pass from Shelf 
to Shelf, or run on ground, or to sail continually in danger of being lost. 
Therefore, if according to your advice we shall proceed in our main design, we 
must of necessity for the present overpass this general consideration, whether 
direct motion be necessary in Nature, and agree with some bodies; and come to 
the particular demonstrations, observations and experiments; propounding in the 
first place all those that have been hitherto alledged by Aristotle, Ptolomey, and 
others, to prove the stability of the Earth, endeavouring in the next place to 
answer them: and producing in the last place, those, by which others may be 
perswaded, that the Earth is no less than the Moon, or any other Planet to be 
numbered amongst natural bodies that move circularly. 


SAGR. 


I shall the more willingly incline to this, in that I am better satisfied with your 
Architectonical and general discourse, than with that of Aristotle, for yours 
convinceth me without the least scruple, and the other at every step crosseth my 
way with some block. And I see no reason why Simplicius should not be 
presently satisfied with the Argument you alledg, to prove that there can be no 
such thing in nature as a motion by a right line, if we do but presuppose that the 
parts of the Universe are disposed in an excellent constitution and perfect order. 


SALV. 


Stay a little, good Sagredus, for just now a way comes into my mind, how I may 
give Simplicius satisfaction, provided that he will not be so strictly wedded to 
every expression of Aristotle, as to hold it heresie to recede in any thing from 
him. Nor is there any question to be made, but that if we grant the excellent 


disposition and perfect order of the parts of the Universe, as to local scituation, 
that then there is no other but the circular motion, and rest; for as to the motion 
by a right line, I see not how it can be of use for any thing, but to reduce to their 
natural constitution, some integral bodies, that by some accident were remov’d 
and separated from their whole, as we said above. 


Let us now consider the whole Terrestrial Globe, and enquire the best we can, 
whether it, and the other Mundane bodies are to conserve themselves in their 
perfect and natural disposition. It is necessary to say, that it rests and keeps 
perpetually immoveable in its place; or else that continuing always in its place, it 
revolves in its self; or that it turneth about a Centre, moving by the 
circumference of a circle. Arist. & Ptolomey make the Terrestrial Globe 
immoveable. Of which accidents, both Aristotle and Ptolomey, and all their 
followers say, that it hath ever observed, and shall continually keep the first, that 
is, a perpetual rest in the same place. It is better to say, that the Terrestrial Globe 
naturally resteth, than that it moveth directly downwards. Now, why, I pray you, 
ought they not to have said, that its natural affection is to rest immoveable, rather 
than to make natural unto it the motionThe word is, all’ ingit, which the Latine 
version rendreth sursùm, which is quite contrary to the Authors sense. 
downwards, with which motion it never did or shall move? And as to the motion 
by a right line, they must grant us that Nature maketh use of it to reduce the 
small parts of the Earth, Water, Air, Fire, and every other integral Mundane 
body to their Whole, when any of them by chance are separated, and so 
transported out of their proper place; if also haply, some circular motion might 
not be found to be more convenient to make this restitution. In my judgment, this 
primary position answers much better, even according to Aristotles own method, 
to all the other consequences, than to attribute the straight motion to be an 
intrinsick and natural principle of the Elements. Which is manifest, for that if I 
aske the Peripatetick, if, being of opinion that Coelestial bodies are incorruptibe 
and eternal, he believeth that the Terrestial Globe is not so, but corruptible and 
mortal, so that there shall come a time, when the Sun and Moon and other Stars, 
continuing their beings and operations, the Earth shall not be found in the World, 
but shall with the rest of the Elements be destroyed and annihilated, I am certain 
that he would answer me, no: therefore generation and corruption is in the parts 
and not in the whole; Right Motion with more reason attributed to the parts, than 
to the whole Elements. and in the parts very small and superficial, which are, as 
it were, incensible in comparison of the whole masse. And because Aristotle 
deduceth generation and corruption from the contrariety of streight motions, let 
us remit such motions to the parts, which onely change and decay, and to the 


whole Globe and Sphere of the Elements, let us ascribe either the circular 
motion, or a perpetual consistance in its proper place: the only affections apt for 
perpetuation, and maintaining of perfect order. This which is spoken of the 
Earth, may be said with the same reason of Fire, and of the greatest part of the 
Air; to which Elements, The Peripateticks improperly assign those motions to 
the Elements for Natural, with which they never were moved, and those for 
Preternatural with which they alwayes are moved. the Peripateticks are forced to 
ascribe for intrinsical and natural, a motion wherewith they were never yet 
moved, nor never shall be; and to call that motion preternatural to them, 
wherewith, if they move at all, they do and ever shall move. This I say, because 
they assign to the Air and Fire the motion upwards, wherewith those Elements 
were never moved, but only some parts of them, and those were so moved onely 
in order to the recovery of their perfect constitution, when they were out of their 
natural places; and on the contrary they call the circular motion preternatural to 
them, though they are thereby incessantly moved: forgeting, as it seemeth, what 
Aristotle oft inculcateth, that nothing violent can be permanent. 


SIMPL. 


To all these we have very pertinent answers, Sensible experiments to be 
preferred to humane Arguments. which I for this time omit, that we may come to 
the more particular reasons, and sensible experiments, which ought in conclusion 
to be opposed, as Aristotle saith well, to whatever humane reason can present us 
with. 


SAGR. 


What hath been spoken hitherto, serves to clear up unto us which of the two 
general discourses carrieth with it most of probability, I mean that of Aristotle, 
which would perswade us, that the sublunary bodies are by nature generable, and 
corruptible, &c. and therefore most different from the essence of Coelestial 
bodies, which are impassible, ingenerable, incorruptible, &c. drawn from the 
diversity of simple motions; or else this of Salviatus, who supposing the integral 
parts of the World to be disposed in a perfect constitution, excludes by necessary 
consequence the right or straight motion of simple natural bodies, as being of no 
use in nature, and esteems the Earth it self also to be one of the Coelestial bodies 
adorn’d with all the prerogatives that agree with them; which last discourse is 
hitherto much more likely, in my judgment, than that other. Therefore resolve, 
Simplicius, to produce all the particular reasons, experiments and observations, 


as well Natural as Astronomical, that may serve to perswade us that the Earth 
differeth from the Coelestial bodies, is immoveable, and situated in the Centre of 
the World, and what ever else excludes its moving like to the Planets, as Jupiter 
or the Moon, &c. And Salviatus will be pleased to be so civil as to answer to 
them one by one. 


SIMPL. 


See here for a begining, two most convincing Arguments to demonstrate the 
Earth to be most different from the Coelestial bodies. First, the bodies that are 
generable, corruptible, alterable, &c. are quite different from those that are 
ingenerable, incorruptible, unalterable, &c. But the Earth is generable, 
corruptible, alterable, &c. and the Coelestial bodies ingenerable, incorruptible, 
unalterable, &c. Therefore the Earth is quite different from the Coelestial bodies. 


SAGR. 


By your first Argument you spread the Table with the same Viands, which but 
just now with much adoe were voided. 


SIMPL. 


Hold a little, Sir, and take the rest along with you, and then tell me if this be not 
different from what you had before. In the former, the Minor was proved a 
priori, & now you see it proved a posteriori: Judg then if it be the same. I prove 
the Minor, therefore (the Major being most manifest) by sensible experience, 
which that in the Earth there are made continual generations, corruptions, 
alterations, &c. which neither our senses, nor the traditions or memories of our 
Ancestors, ever saw an instance of in Heaven; therefore Heaven is unalterable, 
&c. and the Earth alterable, Heaven immutable, because there never was any 
mutation seen in it. &c. and therefore different from Heaven. I take my second 
Argument from a principal and essential accident, and it is this. That body which 
is by its nature obscure and deprived of light, Bodies naturally lucid, are 
different from those which are by nature obscure. is divers from the luminous 
and shining bodies; but the Earth is obscure and void of light, and the Coelestial 
bodies splendid, and full of light; Ergo, &c. Answer to these Arguments first, 
that we may not heap up too many, and then I will alledge others. 


SALV. 


As to the first, the stresse whereof you lay upon experience, I desire that you 
would a little more distinctly produce me the alteration which you see made in 
the Earth, and not in Heaven; upon which you call the Earth alterable, and the 
Heavens not so. 


SIMPL. 


I see in the Earth, plants and animals continually generating and decaying; 
winds, rains, tempests, storms arising; and in a word, the aspect of the Earth to 
be perpetually metamorphosing; none of which mutations are to be discern’d in 
the Coelestial bodies; the constitution and figuration of which is most punctually 
conformable to that they ever were time out of mind; without the generation of 
any thing that is new, or corruption of any thing that was old. 


SALV. 


But if you content your self with these visible, or to say better, seen experiments, 
you must consequently account China and America Coelestial bodies, for 
doubtlesse you never be held in them these alterations which you see here in 
Italy, and that therefore according to your apprehension they are inalterable. 


SIMPL. 


Though I never did see these alterations sensibly in those places, the relations of 
them are not to be questioned; besides that, cum eadem sit ratio totius, & 
partium, those Countreys being a part of the Earth, as well as ours, they must of 
necessity be alterable as these are. 


SALV. 


And why have you not, without being put to believe other mens relations, 
examined and observed those alterations with your own eyes? 


SIMPL. 


Because those places, besides that they are not exposed to our eyes, are so 
remote, that our sight cannot reach to comprehend therein such like mutations. 


SALV. 


See now, how you have unawares discovered the fallacy of your Argument; for, 
if you say that the alterations that are seen on the Earth neer at hand, cannot, by 
reason of the too great distance, be seen in America, much lesse can you see 
them in the Moon, which is so many hundred times more remote: And if you 
believe the alterations in Mexico upon the report of those that come from thence, 
what intelligence have you from the Moon, to assure you that there is no such 
alterations in it? Therefore, from your not seeing any alterations in Heaven, 
whereas, if there were any such, you could not see them by reason of their too 
great distance, and from your not having intelligence thereof, in regard that it 
cannot be had, you ought not to argue, that there are no such alterations; 
howbeit, from the seeing and observing of them on Earth, you well argue that 
therein such there are. 


SIMPL. 


I will shew so great mutations that have befaln on the Earth; that if any such had 
happened in the Moon, they might very well have been observed here below. 
The Mediterranian Sea made by the separation of Abila and Calpen. We find in 
very antient records, that heretofore at the Streights of Gibraltar, the two great 
Mountains Abila, and Calpen, were continued together by certain other lesse 
Mountains, which there gave check to the Ocean: but those Hills, being by some 
cause or other separated, and a way being opened for the Sea to break in, it made 
such an inundation, that it gave occasion to the calling of it since the Mid-land 
Sea: the greatness whereof considered, and the divers aspects the surfaces of the 
Water and Earth then made, had it been beheld afar off, there is no doubt but so 
great a change might have been discerned by one that was then in the Moon; as 
also to us inhabitants of the Earth, the like alterations would be perceived in the 
Moon; but we find not in antiquity, that ever there was such a thing seen; 
therefore we have no cause to say, that any of the Coelestial bodies are alterable, 
&c. 


SALV. 


That so great alterations have hapned in the Moon, I dare not say, but for all that, 
I am not yet certain but that such changes might occur; and because such a 
mutation could onely represent unto us some kind of variation between the more 
clear, and more obscure parts of the Moon, I know not whether we have had on 
Earth observant Selenographers, who have for any considerable number of years, 
instructed us with so exact Selenography, as that we should confidently 


conclude, that there hath no such change hapned in the face of the Moon; of the 
figuration of which I find no more particular description, than the saying of 
some, that it represents an humane face; of others, that it is like the muzle of a 
Lyon; and of others, that it is Cain with a bundle of thorns on his back: therefore, 
to say Heaven is unalterable, because that in the Moon, or other Coelestial 
bodies, no such alterations are seen, as discover themselves on Earth, is a bad 
illation, and concludeth nothing. 


SAGR. 


And there is another odd kind of scruple in this Argument of Simplicius, running 
in my mind, which I would gladly have answered; therefore I demand of him, 
whether the Earth before the Mediterranian inundation was generable and 
corruptible, or else began then so to be? 


SIMPL. 


It was doubtless generable and corruptible also before that time; but that was so 
vast a mutation, that it might have been observed as far as the Moon. 


SAGR. 


Go to; if the Earth was generable and corruptible before that Inundation, why 
may not the Moon be so likewise without such a change? Or why should that be 
necessary in the Moon, which importeth nothing on Earth? 


SALV. 


It is a shrewd question: But I am doubtfull that Simplicius a little altereth the 
Text of Aristotle, and the other Peripateticks, who say, they hold the Heavens 
unalterable, for that they see therein no one star generate or corrupt, which is 
probably a less part of Heaven, than a City is of the Earth, and yet innumerable 
of these have been destroyed, so as that no mark of them hath remain’d. 


SAGR. 


I verily believed otherwise, and conceited that Simplicius dissembled this 
exposition of the Text, that he might not charge his Master and Consectators, 
with a notion more absurd than the former. And what a folly it is to say the 
Coelestial part is unalterable, because no stars do generate or corrupt therein? 


What then? hath any one seen a Terrestrial Globe corrupt, and another 
regenerate in its place? And yet is it not on all hands granted by Philosophers, 
that there are very few stars in Heaven less than the Earth, Its no less impossible 
for a star to corrupt, than for the whole Terrestrial Globe. but very many that are 
much bigger? So that for a star in Heaven to corrupt, would be no less than if the 
whole Terrestrial Globe should be destroy’d. Therefore, if for the true proof of 
generation and corruption in the Universe, it be necessary that so vast bodies as a 
star, must corrupt and regenerate, you may satisfie your self and cease your 
opinion; for I assure you, that you shall never see the Terrestrial Globe or any 
other integral body of the World, to corrupt or decay so, that having been beheld 
by us for so many years past, they should so dissolve, as not to leave any 
footsteps of them. 


SALV. 


But to give Simplicius yet fuller satisfaction, and to reclaim him, Aristotle would 
change his opinion, did he see the novelties of our age. if possible, from his 
error; I affirm, that we have in our age new accidents and observations, and 
such, that I question not in the least, but if Aristotle were now alive, they would 
make him change his opinion; which may be easily collected from the very 
manner of his discoursing: For when he writeth that he esteemeth the Heavens 
inalterable, &c. because no new thing was seen to be begot therein, or any old to 
be dissolved, he seems implicitely to hint unto us, that when he should see any 
such accident, he would hold the contrary: and , as indeed it is meet, sensible 
experiments to natural reason: for had he not made any reckoning of the senses, 
he would not then from the not seeing of any sensible mutation, have argued 
immutability. 


SIMPL. 


Aristotle deduceth his principal Argument à priori, shewing the necessity of the 
inalterability of Heaven by natural, manifest and clear principles; and then 
stablisheth the same à posteriori, by sense, and the traditions of the antients. 


SALV. 


This you speak of is the Method he hath observed in delivering his Doctrine, but 
I do not bethink it yet to be that wherewith he invented it; for I do believe for 
certain, that he first procured by help of the senses, such experiments and 


observations as he could, The certainty of the conclusion helpeth by a resolutive 
method to find the demonstration. to assure him as much as it was possible, of 
the conclusion, and that he afterwards sought out the means how to demonstrate 
it: For this is the usual course in demonstrative Sciences, and the reason thereof 
is, because when the conclusion is true, by help of resolutive Method, one may 
hit upon some proposition before demonstrated, or come to some principle 
known per se; but if the conclusion be false, a man may proceed in infinitum, 
and never meet with any truth already known; but very oft he shall meet with 
some impossibility or manifest absurdity Pythagoras offered an Hecatomb for a 
Geometrical demonstration which he found. Nor need you question but that 
Pythagoras along time before he found the demonstration for which he offered 
the Hecatomb, had been certain, that the square of the side subtending the right 
angle in a rectangle triangle, was equal to the square of the other two sides: and 
the certainty of the conclusion conduced not a little to the investigating of the 
demonstration, understanding me alwayes to mean in demonstrative Sciences. 
But what ever was the method of Aristotle, and whether his arguing a priori 
preceded sense a posteriori, or the contrary; it sufficeth that the same Aristotle 
preferreth (as hath been oft said) sensible experiments before all discourses; 
besides, as to the Arguments a priori their force hath been already examined. 
Now returning to my purposed matter, I say, that the things in our times 
discovered in the Heavens, are, and have been such, that they may give absolute 
satisfaction to all Philosophers; forasmuch as in the particular bodies, and in the 
universal expansion of Heaven, there have been, and are continually, seen just 
such accidents as we call generations and corruptions, being that excellent 
Astronomers have observed many Comets generated and dissolved in parts 
higher than the Lunar Orb, besides the two new Stars, Anno 1572, New stars 
discovered in Heaven. and Anno 1604, without contradiction much higher than 
all the Planets; and in the face of the Sun it self, by help of the Telescope, Spots 
generate and dissolve in the face of the Sun. certain dense and obscure 
substances, in semblance very like to the foggs about the Earth, are seen to be 
produced and dissolved; and many of these are so vast, that they far exceed not 
only the Mediterranian Streight, but all Affrica and Asia also. Solar spots are 
bigger than all Asia and Affrick. Now if Aristotle had seen these things, what 
think you he would have said, and done Simplicius? 


SIMPL. 


I know not what Aristotle would have done or said, that was the great Master of 
all the Sciences, but yet I know in part, what his Sectators do and say, and ought 


to do and say, unlesse they would deprive themselves of their guide, leader, and 
Prince in Philosophy. As to the Comets, are not those Modern Astronomers, who 
would make them Coelestial, convinced by theAstronomers confuted by Anti- 
Tycho. Anti-Tycho, yea, and overcome with their own weapons, I mean by way 
of Paralaxes and Calculations, every way tryed, concluding at the last in favour 
of Aristotle, that they are all Elementary? And this being overthrown, which was 
as it were their foundation, have these Novellists any thing more wherewith to 
maintain their assertion? 


SALV. 


Hold a little, good Simplicius, this modern Author, what saith he to the new 
Stars, Anno 1572, and 1604, and to the Solar spots? for as to the Comets, I for 
my own particular little care to make them generated under or above the Moon; 
nor did I ever put much stresse on the loquacity of Tycho; nor am I hard to 
believe that their matter is Elementary, and that they may elevate (sublimate) 
themselves at their pleasure, without meeting with any obstacle from the 
impenetrability of the Peripatetick Heaven, which I hold to be far more thin, 
yielding, and subtil than our Air; and as to the calculations of the Parallaxes, 
first, the uncertainty whether Comets are subject to such accidents, and next, the 
inconstancy of the observations, upon which the computations are made, make 
me equally suspect both those opinions: Anti-Tycho wresteth Astronomical 
observations to his own purpose. and the rather, for that I see him you call Anti- 
Tycho, sometimes stretch to his purpose, or else reject those observations which 
interfere with his design. 


SIMPL. 


As to the new Stars, Anti-Tycho extricates himself finely in three or four words; 
saying, That those modern new Stars are no certain parts of the Coelestial 
bodies, and that the adversaries, if they will prove alteration and generation in 
those superior bodies, must shew some mutations that have been made in the 
Stars described so many ages past, of which there is no doubt but that they be 
Coelestial bodies, which they can never be able to do: Next, as to those matters 
which some affirm, to generate and dissipate in the face of the Sun, he makes no 
mention thereof; wherefore I conclude, that he believed them fictious, or the 
illusions of the Tube, or at most, some petty effects caused by the Air, and in 
brief, any thing rather than matters Coelestial. 


SALV. 


But you, Simplicius, what answer could you give to the opposition of these 
importunate spots which are started up to disturb the Heavens, and more than 
that, the Peripatetick Philosophy? It cannot be but that you, who are so resolute a 
Champion of it, have found some reply or solution for the same, of which you 
ought not to deprive us. 


SIMPL. 


I have heard sundry opinions about this particular. One saith: ‘They are Stars 
which in their proper Orbs, Sundry opinions touching the Solar spots. like as 
Venus and Mercury, revolve about the Sun, and in passing under it, represent 
themselves to us obscure; and for that they are many, they oft happen to 
aggregate their parts together, and afterwards seperate again’. Others believe 
them to be äerial impressions; others, the illusions of the chrystals; and others, 
other things: But I incline to think, yea am verily perswaded, That they are an 
aggregate of many several opacous bodies, as it were casually concurrent among 
themselves. And therefore we often see, that in one of those spots one may 
number ten or more such small bodies, which are of irregular figures, and seem 
to us like flakes of snow, or flocks of wooll, or moaths flying: they vary fire 
amongst themselves, and one while sever, another while meet, and most of all 
beneath the Sun, about which, as about their Centre, they continually move. But 
yet, must we not therefore grant, that they are generated or dissolved, but that at 
sometimes they are hid behind the body of the Sun, and at other times, though 
remote from it, yet are they not seen for the vicinity of the immeasurable light of 
the Sun; in regard that in the eccentrick Orb of the Sun, there is constituted, as it 
were, an Onion, composed of many folds one within another, each of which, 
being The Original saith [tempestata si muove] which the Latine Translation, 
(mistaking Tempestata, a word in Heraldry, for Tempestato,) rendereth [incitata 
movetur] which signifieth a violent transportmeut, as in a storm, that of a Ship. 
studded with certain small spots, doth move; and albeit their motion at first 
seemeth inconstant and irregular, yet neverthelesse, it is said at last, to be 
observed that the very same spots, as before, do within a determinate time return 
again. This seemeth to me the fittest answer that hath been found to assigne a 
reason of that same appearance, and withal to maintain the incorruptability and 
ingenerability of the Heavens; and if this doth not suffice; there wants not more 
elevated wits, which will give you other more convincing. 


SALV. 


If this of which we dispute, were some point of Law, or other part of the Studies 
called Humanity, In natural Sciences, the art of Oratory is of no force. wherein 
there is neither truth nor falshood, if we will give sufficient credit to the 
acutenesse of the wit, readinesse of answers, and the general practice of Writers, 
then he who most aboundeth in these, makes his reason more probable and 
plausible; but in Natural Sciences, the conclusions of which are true and 
necessary, and wherewith the judgment of men hath nothing to do, one is to be 
more cautious how he goeth abou to maintain any thing that is false; for a man 
but of an ordinary wit, if it be his good fortune to be of the right side, may lay a 
thousand Demosthenes and a thousand Aristotles at his feet. Therefore reject 
those hopes and conceits, wherewith you flatter your self, that there can be any 
men so much more learned, read, and versed in Authors, than we, that in despite 
of nature, they should be able to make that become true, which is false. And 
seeing that of all the opinions that have been hitherto alledged touching the 
essence of these Solar spots, this instanced in by you, is in your judgment the 
truest, it followeth (if this be so) that all the rest are false; and to deliver you 
from this also, which doubtlesse is a most false Chimaera, overpassing infinite 
other improbabilities that are therein, An Argument that necessarily proveth the 
Solar spots to generate and dissolve. I shall propose against it onely two 
experiments; one is, that many of those spots are seen to arise in the midst of the 
Solar ring, and many likewise to dissolve and vanish at a great distance from the 
circumference of the Sun; a necessary Argument that they generate and 
dissolve; for if without generating or corrrupting, they should appear there by 
onely local motion, they would all be seen to enter, A conclusive demonstration, 
that the spots are contiguous to the body of the Sun. and pass out by extreme 
circumference. The other observation to such as are not situate in the lowest 
degree of ignorance in Perspective, by the mutation of the appearing figures, and 
by the apparent mutations of the velocity of motion is necessarily concluding, 
that the spots are contiguous to the body of the Sun, and that touching its 
superficies, they move either with it or upon it, and that they in no wise move in 
circles remote from the same. The motion of the spots towards the circumference 
of the Sun appears slow. The motion proves it, which towards the circumference 
of the Solar Circle, appeareth very slow, and towards the midst, more swift; the 
figures of the spots confirmeth it, The figure of the spots appears narrow towards 
the circumference of the Suns discus, & why. which towards the circumference 
appear exceeding narrow in comparison of that which they seem to be in the 
parts nearer the middle; and this because in the midst they are seen in their full 


luster, and as they truly be; and towards the circumference by reason of the 
convexity of the globous superficies, they seem more compress’d: And both 
these diminutions of figure and motion, to such as know how to observe and 
calculate them exactly, precisely answer to that which should appear, the spots 
being contiguous to the Sun, and differ irreconcileably from a motion in circles 
remote, though but for smal intervalls from the body of the Sun; as hath been 
diffusely demonstrated by ourUnder this word Friend, as also that of Academick, 
& Common Friend, Galilaeus modestly conceals himself throughout these 
Dialogues. Friend, in his Letters about the Solar spots, to Marcus Velserus. It 
may be gathered from the same mutation of figure, that none of them are stars, 
or other bodies of spherical figure; for that amongst all figures the sphere never 
appeareth compressed, nor can ever be represented but onely perfectly round; 
and thus in case any particular spot were a round body, as all the stars are held to 
be, the said roundness would as well appear in the midst of the Solar ring, as 
when the spot is near the extreme: whereas, its so great compression, and 
shewing its self so small towards the extreme, and contrariwise, spatious and 
large towards the middle, assureth us, The Solar spots are not spherical, but flat 
like thin plates. that these spots are flat plates of small thickness or depth, in 
comparison of their length and breadth. Lastly, whereas you say that the spots 
after their determinate periods are observed to return to their former aspect, 
believe it not, Simplicius, for he that told you so, will deceive you; and that I 
speak the truth, you may observe them to be hid in the face of the Sun far from 
the circumference; nor hath your Observator told you a word of that 
compression, which necessarily argueth them to be contiguous to the Sun. That 
which he tells you of the return of the said spots, is nothing else but what is read 
in the forementioned Letters, namely, that some of them may sometimes so 
happen that are of so long a duration, that they cannot be dissipated by one sole 
conversion about the Sun, which is accomplished in less than a moneth. 


SIMPL. 


I, for my part, have not made either so long, or so exact observations, as to 
enable me to boast my self Master of the Quod est of this matter: but I will more 
accurately consider the same, and make tryal my self for my own satisfaction, 
whether I can reconcile that which experience shews us, with that which 
Aristotle teacheth us; for it’s a certain Maxim, that two Truths cannot be 
contrary to one another. 


SALV. 


If you would reconcile that which sense shewed you, with the solider Doctrines 
of Aristotle, One cannot (saith Aristotle) speak confidently of Heaven, by reason 
of its great distance. you will find no great difficulty in the undertaking; and that 
so it is, doth not Aristotle say, that one cannot treat confidently of the things of 
Heaven, by reason of their great remoteness? 


SIMPL. 
He expresly saith so. 
SALV. 


And doth he not likewise affirm, Aristotle prefers sense before ratiocination. that 
we ought to prefer that which sense demonstrates, before all Arguments, though 
in appearance never so well grounded? and saith he not this without the least 
doubt or haesitation? 


SIMPL. 
He doth so. 
SALV. 


Why then, the second of these propositions, which are both the doctrine of 
Aristotle, Its a doctrine more agreeing with Aristotle, to say the Heavens are 
alterable, than that which affirms them inalterable. that saith, that sense is to take 
place of Logick, is a doctrine much more solid and undoubted, than that other 
which holdeth the Heavens to be unalterable; and therefore you shall argue more 
Aristotelically, saying, the Heavens are alterable, for that so my sense telleth me, 
than if you should say, the Heavens are ualterable, for that Logick so perswaded 
Aristotle. We may by help of the Telescope discourse better of coelestical 
matters, than Aristot. himself. Furthermore, we may discourse of Coelestial 
matters much better than Aristotle; because, he confessing the knowledg thereof 
to be difficult to him, by reason of their remoteness from the senses, he thereby 
acknowledgeth, that one to whom the senses can better represent the same, may 
philosophate upon them with more certainty. Now we by help of the Telescope, 
are brought thirty or forty times nearer to the Heavens, than ever Aristotle came; 
so that we may discover in them an hundred things, which he could not see, and 
amongst the rest, these spots in the Sun, which were to him absolutely invisible; 


therefore we may discourse of the Heavens and Sun, with more certainty than 
Aristolte. 


SAGR. 


I see into the heart of Simplicius, and know that he is much moved at the 
strength of these so convincing Arguments; but on the other side, when he 
considereth the great authority which Aristotle hath won with all men, and 
remembreth the great number of famous Interpreters, which have made it their 
business to explain his sense; and seeth other Sciences, so necessary and 
profitable to the publick, to build a great part of their esteem and reputation on 
the credit of Aristotle he is much puzzled and perplexed: The Declamation of 
Simplicius. and methinks I hear him say, To whom then should we repair for the 
decision of our controversies, if Aristotle were removed from the chair? What 
other Author should we follow in the Schools, Academies and Studies? What 
Philosopher hath writ all the parts of Natural Philosophy, and that so 
methodically without omitting so much as one single conclusion? Shall we then 
overthrow that Fabrick under which so many passengers find shelter? Shall we 
destroy that Asylum, that Prytaneum, wherein so many Students meet with 
commodious harbour, where without exposing themselves to the injuries of the 
air, with the onely turning over of a few leaves, one may learn all the secrets of 
Nature? Shall we dismantle that fort in which we are safe from all hostile 
assaults? But I pitie him no more than I do that Gentleman who with great 
expence of time and treasure, and the help of many hundred artists, erects a very 
sumptuous Pallace, and afterwards beholds it ready to fall, by reason of the bad 
foundation; but being extremely unwilling to see the Walls stript which are 
adorned with so many beautifull Pictures; or to suffer the columns to fall, that 
uphold the stately Galleries; or the gilded roofs, chimney-pieces, the freizes, the 
comishes of marble, with so much cost erected, to be ruined; goeth about with 
girders, props, shoars, butterasses, to prevent their subversion. 


SALV. 


But alass, Simplicius as yet fears no such fall, and I would undertake to secure 
him from that mischief at a far less charge. Peripatetick Philosophy 
unchangeable. There is no danger that so great a multitude of subtle and wise 
Philosophers, should suffer themselves to be Hector’d by one or two, who make 
a little blustering; nay, they will rather, without ever turning the points of their 
pens against them, by their silence onely render them the object of universal 


scorn and contempt. It is a fond conceit for any one to think to introduce new 
Philosophy, by reproving this or that Author: it will be first necessary to new- 
mold the brains of men, and make them apt to distinguish truth from falshood. A 
thing which onely God can do. But from one discourse to another whither are we 
stray’d? your memory must help to guide me into the way again. 


SIMPL. 


I remember very well where we left. We were upon the answer of Anti-Tycho, to 
the objections against the immutability of the Heavens, among which you 
inserted this of the Solar spots, not spoke of by him; and I believe you intended 
to examine his answer to the instance of the New Stars. 


SALV. 


Now I remember the rest, and to proceed, Methinks there are some things in the 
answer to Anti-Tycho, worthy of reprehension. And first, if the two New Stars, 
which he can do no less than place in the uppermost parts of the Heavens, and 
which were of a long duration, but finally vanished, give him no obstruction in 
maintaining the inalterability of Heaven, in that they were not certain parts 
thereof, nor mutations made in the antient Stars, why doth he set himself so 
vigorously and earnestly against the Comets, to banish them by all ways from 
the Coelestial Regions? Was it not enough that he could say of them the same 
which he spoke of the New stars? to wit, that in regard they were no certain parts 
of Heaven, nor mutations made in any of the Stars, they could no wise prejudice 
either Heaven, or the Doctrine of Aristotle? Secondly, I am not very well 
satisfied of his meaning; when he saith that the alterations that should be granted 
to be made in the Stars, would be destructive to the prerogative of Heaven; 
namely, its incorruptibility, &c. and this, because the Stars are Coelestial 
substances, as is manifest by the consent of every one; and yet is nothing 
troubled that the same alterations should be madeExtra Stellas. without the Stars 
in the rest of the Coelestial expansion. Doth he think that Heaven is no 
Coelestial substance? I, for my part, did believe that the Stars were called 
Coelestial bodies, by reason that they were in Heaven, or for that they were 
made of the substance of Heaven; and yet I thought that Heaven was more 
Coelestial than they; in like sort, as nothing can be said to be more Terrestrial, or 
more fiery than the Earth or Fire themselves. And again, in that he never made 
any mention of the Solar spots, which have been evidently demonstrated to be 
produced, and dissolved, and to be neer the Sun, and to turn either with, or about 


the same, I have reason to think that this Author probably did write more for 
others pleasure, than for his own satisfaction; and this I affirm, forasmuch as he 
having shewn himself to be skilful in the Mathematicks, it is impossible but that 
he should have been convinced by Demonstrations, that those substances are of 
necessity contiguous with the body of the Sun, and are so great generations and 
corruptions, that none comparable to them, ever happen in the Earth: And if 
such, so many, and so frequent be made in the very Globe of the Sun, which may 
with reason be held one of the noblest parts of Heaven, what should make us 
think that others may not happen in the other Orbs. 


SAGR. 


I cannot without great admiration, Generability and alteration is a greater 
perfection in the Worlds bodies than the contrary qualities. nay more, denial of 
my understanding, hear it to be attributed to natural bodies, for a great honour 
and perfection that they areImpatible. impassible, immutable, inalterable, &c. 
And on the contrary, to hear it to be esteemed a great imperfection to be 
alterable, generable, mutable, &c. The Earth very noble, by reason of the many 
mutations made therein. It is my opinion that the Earth is very noble and 
admirable, by reason of so many and so different alterations, mutations, 
generations, &c. which are incessantly made therein; and if without being 
subject to any alteration, it had been all one vast heap of sand, or a masse of 
Jasper, or that in the time of the Deluge, the waters freezing which covered it, it 
had continued an immense Globe of Christal, The Earth unprofitable and full of 
idlenesse, its alterations taken away wherein nothing had ever grown, altered, or 
changed, I should have esteemed it a lump of no benefit to the World, full of 
idlenesse, and in a word superfluous, and as if it had never been in nature; and 
should make the same difference in it, as between a living and dead creature: 
The like I say of the Moon, Jupiter, and all the other Globes of the World. But 
the more I dive into the consideration of the vanity of popular discourses, the 
more empty and simple I find them. And what greater folly can there be 
imagined, than to call Jems, Silver and Gold pretious; and Earth and dirt vile? 
The Earth more noble than Gold and Jewels. For do not these persons consider, 
that if there should be as great a scarcity of Earth, as there is of Jewels and 
pretious metals, there would be no Prince, but would gladly give a heap of 
Diamonds and Rubies, and many Wedges of Gold, to purchase onely so much 
Earth as should suffice to plant a Gessemine in a little pot, or to set therein a 
China Orange, that he might see it sprout, grow up, and bring forth so goodly 
leaves, so odiriferous flowers, Scarcity and plenty enhanse and debase the price 


of things. and so delicate fruit? It is therefore scarcity and plenty that make 
things esteemed and contemned by the vulgar; who will say that same is a most 
beautiful Diamond, for that it resembleth a cleer water, and yet will not part with 
it for ten Tun of water: Incorruptibility esteemed by the vulgar out of their fear 
of death. These men that so extol incorruptibility, inalterability, &c. speak thus I 
believe out of the great desire they have to live long, and for fear of death; not 
considering, that if men had been immortal, they should have had nothing to do 
in the World. The disparagers of corruptibility deserve to be turned into Statua’s. 
These deserve to meet with a Medusa’s head, that would transform them into 
Statues of Dimond and Jasper, that so they might become more perfect than they 
are. 


SALV. 


And it may be such a Metamorphosis would not be altogether unprofitable to 
them; for I am of opinion that it is better not to discourse at all, than to argue 
erroniously. 


SIMPL. 


There is not the least question to be made, but that the Earth is much more 
perfect, being as it is alterable, mutable, &c. than if it had been a masse of stone; 
yea although it were one entire Diamond, The Coelestial bodies designed to 
serve the Earth, need no more but motion and light. most hard and impassile. But 
look how much these qualifications enoble the Earth, they render the Heavenly 
bodies again on the other side so much the more imperfect, in which, such 
conditions would be superfluous; in regard that the Coelestial bodies, namely, 
the Sun, Moon, and the other Stars, which are ordained for no other use but to 
serve the Earth, need no other qualities for attaining of that end, save onely those 
of light and motion. 


SAGR. 


How? Will you affirm that nature hath produced and designed so many vast 
perfect and noble Coelestial bodies, impassible, immortal, and divine, to no 
other use but to serve the passible, frail, and mortal Earth? to serve that which 
you call the drosse of the World, and sink of all uncleannesse? To what purpose 
were the Coelestial bodies made immortal, &c. to serve a frail, &c. Take away 
this subserviency to the Earth, and the innumerable multitude of Coelestial 


bodies become wholly unuseful, Celestial bodies want an interchangeable 
operation upon each other. and superfluous, since they neither have nor can have 
any mutual operation betwixt themselves; because they are all unalterable, 
immutable, impassible: For if, for Example, the Moon be impassible, what 
influence can the Sun or any other Star have upon her? it would doubtlesse have 
far lesse effect upon her, than that of one who would with his looks or 
imagination, lignifie a piece of Gold. Moreover, it seemeth to me, that whilst the 
Coelestial bodies concurre to the generation and alteration of the Earth, they 
themselves are also of necessity alterable; for otherwise I cannot understand how 
the application of the Sun or Moon to the Earth, to effect production, should be 
any other than to lay a marble Statue by a Womans side, and from that 
conjunction to expect children. 


SIMPL. 


Corruptibility, Alterability, &c. are not in the whole Terrestrial Globe, but in 
some of its parts. alteration, mutation, &c. are not in the whole Terrestrial Globe, 
which as to its whole, is no lesse eternal than the Sun or Moon, but it is 
generable and corruptible as to its external parts; but yet it is also true that 
likewise in them generation and corruption are perpetual, and as such require the 
heavenly eternal operations; and therefore it is necessary that the Coelestial 
bodies be eternal. 


SAGR. 


All this is right; but if the corruptibility of the superficial parts of the Earth be 
nowise prejudicial to the eternity of its whole Globe, yea, if their being 
generable, corruptible, alterable, &c. gain them great ornament and perfection; 
why cannot, Coelestial bodies alterable in their outward parts. and ought not you 
to admit alteration, generation, &c. likewise in the external parts of the 
Coelestial Globes, adding to them ornament, without taking from them 
perfection, or bereaving them of action; yea rather encreasing their effects, by 
granting not onely that they all operate on the Earth, but that they mutually 
operate upon each other, and the Earth also upon them all? 


SIMPL. 


This cannot be, because the generations, mutations, &c. which we should 
suppose v. g. in the Moon; would be vain and uselesse, & natura nihil frustra 


facit. 

SAGR. 

And why should they be vain and uselesse? 
SIMPL. 


Because we cleerly see, The generations & mutations happening in the Earth, are 
all for the good of Man. and feel with our hands, that all generations, 
corruptions, &c. made in the Earth, are all either mediately or immediately 
directed to the use, convenience, and benefit of man; for the use of man are 
horses brought forth, for the feeding of horses, the Earth produceth grasse, and 
the Clouds water it; for the use and nourishment of man, herbs, corn, fruits, 
beasts, birds, fishes, are brought forth; and in sum, if we should one by one 
dilligently examine and resolve all these things, we should find the end to which 
they are all directed, to be the necessity, use, convenience, and delight of man. 
Now of what use could the generations which we suppose to be made in the 
Moon or other Planets, ever be to mankind? unlesse you should say that there 
were also men in the Moon, that might enjoy the benefit thereof; a conceit either 
fabulous or impious. 


SAGR. 


That in the Moon or other Planets, The Moon hath no generatings of things, like 
as we have, nor is it inhabited by men. there are generated either herbs, or plants, 
or animals, like to ours, or that there are rains, winds, or thunders there, as about 
the Earth, I neither know, nor believe, and much lesse, that it is inhabited by 
men: but yet I understand not, because there are not generated things like to ours, 
that therefore it necessarily followeth, that no alteration is wrought therein, or 
that there may not be other things that change, In the Moon may be a generation 
of things different from ours. generate, and dissolve, which are not onely 
different from ours, but exceedingly beyond our imagination, and in a word, not 
to be thought of by us. And if, as I am certain, that one born and brought up in a 
spatious Forrest, amongst beasts and birds, and that hath no knowledg at all of 
the Element of Water, He that had not heard of the Element of Water, could 
never fancy to himself Ships and Fishes. could never come to imagine another 
World to be in Nature, different from the Eatth, full of living creatures, which 
without legs or wings swiftly move, and not upon the surface onely, as beasts do 


upon the Earth, but in the very bowels thereof; and not onely move, but also stay 
themselves and cease to move at their pleasure, which birds cannot do in the air; 
and that moreover men live therein, and build Palaces and Cities, and have so 
great convenience in travailing, that without the least trouble, they can go with 
their Family, House, and whole Cities, to places far remote, like as I say, I am 
certain, such a person, though of never so piercing an imagination, could never 
fancy to himself Fishes, the Ocean, Ships, Fleets, Armado’s at Sea; thus, and 
much more easily, may it happn, that in the Moon, remote from us by so great a 
space, and of a substance perchance very different from the Earth, there may be 
matters, and operations, not only wide off, but altogether beyond all our 
imaginations, as being such as have no resemblance to ours, and therefore 
wholly inexcogitable, in regard, that what we imagine to our selves, must 
necessarily be either a thing already seen, or a composition of things, or parts of 
things seen at another time; for such are the Sphinxes, Sirenes, Chimaera’s. 
Centaurs, &c. 


SALV. 


I have very often let my fancy ruminate upon these speculations, and in the end, 
have thought that I had found some things that neither are nor can be in the 
Moon; but yet I have not found therein any of those which I believe are, and may 
be there, save onely in a very general acceptation, namely, things that adorn it by 
operating, moving and living; and perhaps in a way very different from ours; 
There may be substances in the Moon very different from ours. beholding and 
admiring the greatness and beauty of the World, and of its Maker and Ruler, and 
with continual Encomiums singing his prayses; and in summe (which is that 
which I intend) doing what sacred Writers so frequently affirm, to wit, all the 
creatures making it their perpetual imployment to laud God. 


SAGR. 


These are the things, which speaking in general terms, may be there; but I would 
gladly hear you instance in such as you believe neither are nor can be there; 
which perchance may be more particularly named. 


SALV. 


Take notice Sagredus that this will be the third time that we have unawares by 
running from one thing to another, lost our principal subject; and if we continue 


these digressions, it will be long ere we come to a conclusion of our discourse; 
therefore I should judg it better to remit this, as also such other points, to be 
decided on a particular occasion. 


SAGR. 


Since we are now got into the Moon, if you please, let us dispatch such things as 
concern her, that so we be not forced to such another tedious journey. 


SALV. 


It shall be as you would have it. And to begin with things more general, I believe 
that the Lunar Globe is far different from the Terrestrial, though in some things 
they agree. I will recount first their resemblances, and next their differences. The 
Moon is manifestly like to the Earth in figure, The First resemblance between 
the Moon and Earth; which is that of figure; is proved by the manner of being 
illuminated by the Sun. which undoubtedly is spherical, as may be necessarily 
concluded from the aspect of its surface, which is perfectly Orbicular, and the 
manner of its receiving the light of the Sun, from which, if its surface were flat, 
it would come to be all in one and the same time illuminated, and likewise again 
in another instant of time obscured, and not those parts first, which are situate 
towards the Sun, and the rest successively, so that in its opposition, and not till 
then, its whole apparent circumference is enlightned; which would happen quite 
contrary, if the visible surface were concave; namely, the illumination would 
begin from the parts opposite or averse to the Sun. The Second conformity is the 
Moons being opacous as the Earth. Secondly she is as the Earth, in her self 
obscure and opacous, by which opacity it is enabled to receive, and reflect the 
light of the Sun; Moon is and as the Earth. which were it not so, it could not 
do. Thirdly, I hold its matter to be most dense and solid as the Earth is, which I 
clearly argue from the unevenness of its superficies in most places, by means of 
the many eminencies and cavities discovered therein by help of the Telescope: of 
which eminencies there are many all over it, directly resembling our most sharp 
and craggy mountains, of which you shall there perceive some extend and run in 
ledges of an hundred miles long; others are contracted into rounder forms; and 
there are also many craggy, solitary, steep and cliffy rocks. But that of which 
there are frequentest appearances, are certain Banks (I use this word, because I 
cannot thing of another that better expresseth them) pretty high raised, which 
environ and inclose fields of several bignesses, and from sundry figures, but for 
the most part circular; many of which have in the midst a mount raised pretty 


high, and some few are replenished with a matter somewhat obscure, to wit, like 
to the great spots discerned by the bare eye, and these are of the greatest 
magnitude; the number moreover of those that are lesser and lesser is very great, 
and yet almost all circular. Fourthly, Fourthly, The Moon is distinguished into 
two different parts for clarity and obscurity, as the Terrestrial Globe into Sea and 
Land. The surface of the Sea would shew at a distance more obscure than that of 
the Earth. like as the surface of our Globe is distinguished into two principal 
parts, namely, into the Terrestrial and Aquatick: so in the Lunar surface we 
discern a great distinction of some great fields more resplendant, and some less: 
whose aspect makes me believe, that that of the Earth would seem very like it, 
beheld by any one from the Moon, or any other the like distance, to be 
illuminated by the Sun: and the surface of the sea would appear more obscure, 
and that of the Earth more bright. Fifthly, like as we from the Earth behold the 
Moon, one while all illuminated, another while half; Fiftly, Mutation of figures 
in the Earth, like to those of the Moon, and made with the same periods. 
sometimes more, sometimes less; sometimes horned, sometimes wholly 
invisibly; namely, when its just under the Sun beams; so that the parts which 
look towards the Earth are dark: Thus in every respect, one standing in the Moon 
would see the illumination of the Earths surface by the Sun, with the same 
periods to an hair, and under the same changes of figures. Sixtly, — 


SAGR. 


Stay a little, Salviatus; That the illumination of the Earth, as to the several 
figures, would represent it self to a person placed in the Moon, like in all things 
to that which we discover in the Moon, I understand very well, but yet I cannot 
conceive how it shall appear to be done in the same period; seeing that that 
which the Suns illumination doth in the Lunar superficies in a month, it doth in 
the Terrestrial in twenty four hours. 


SALV. 


Its true, the effect of the Sun about the illuminating these two bodies, and 
replenishing with its splendor their whole surfaces, is dispatch’d in the Earth in a 
Natural day, and in the Moon in a Month; but the variation of the figures in 
which the illuminated parts of the Terrestrial superficies appear beheld from the 
Moon, depends not on this alone, but on the divers aspects which the Moon is 
still changing with the Sun; so that, if for instance, the Moon punctually 
followed the motion of the Sun, and stood, for example, always in a direct line 


between it and the Earth, in that aspect which we call Conjunction, it looking 
always to the same Hemisphere of the Earth which the Sun looks unto, she 
would behold the same all light: as on the contrary, if it should always stay in 
Opposition to the Sun, it would never behold the Earth, of which the dark part 
would be continually turn’d towards the Moon, and therefore invisible. But 
when the Moon is in Quadrature of the Sun, that half of the Terrestrial 
Hemisphere exposed to the sight of the Moon which is towards the Sun, is 
luminous; and the other towards the contrary is obscure: and therefore the 
illuminated part of the Earth would represent it self to the Moon in a semi- 
circular figure. 


SAGR. 


I clearly perceive all this, and understand very well, that the Moon departing 
from its Opposition to the Sun, where it saw no part of the illumination of the 
Terrestrial superficies, and approaching day by day nearer the Sun, she begins by 
little and little to discover some part of the face of the illuminated Earth; and that 
which appeareth of it shall resemble a thin sickle, in regard the figure of the 
Earth is round: and the Moon thus acquiring by its motion day by day greater 
proximity to the Sun, successively discovers more and more of the Terrestrial 
Hemisphere enlightned, so that at the Quadrature there is just half of it visible, 
insomuch that we may see the other part of her: continuing next to proceed 
towards the Conjunction, it successively discovers more and more of its surface 
to be illuminated, and in fine, at the time of Conjunction seeth the whole 
Hemisphere enlightned. And in short, I very well conceive, that what befalls the 
Inhabitants of the Earth, in beholding the changes of the Moon, would happen to 
him that from the Moon should observe the Earth; but in a contrary order, 
namely, that when the Moon is to us at her full, and in Opposition to the Sun, 
then the Earth would be in Conjunction with the Sun, and wholly obscure and 
invisible; on the contrary, that position which is to us a Conjunction of the Moon 
with the Sun, and for that cause a Moon silent and unseen, would be there an 
Opposition of the Earth to the Sun, and, to so speak, Full Earth, to wit, all 
enlightned. And lastly, look what part of the Lunar surface appears to us from 
time to time illuminated, so much of the Earth in the same time shall you behold 
from the Moon to be obscured: and look how much of the Moon is to us 
deprived of light, so much of the Earth is to the Moon illuminated. In one thing 
yet these mutual operations in my judgment seem to differ, and it is, that it 
being supposed, and not granted, that some one being placed in the Moon to 
observe the Earth, he would every day see the whole Terrestrial superficies, by 


means of the Moons going about the Earth in twenty four or twenty five hours; 
but we never see but half of the Moon, since it revolves not in it self, as it must 
do to be seen in every part of it. 


SALV. 


So that this, befals not contrarily, namely, that her revolving in her self, is the 
cause that we see not the other half of her, for so it would be necessary it should 
be, if she had the Epicycle. But what other difference have you behind, to 
exchange for this which you have named? 


SAGR. 
Let me see; Well for the present I cannot think of any other. 
SALV. 


And what if the Earth (as you have well noted) seeth no more than halfAll the 
Earth seeth half onely of the Moon, & the half onely of the Moon seeth all the 
Earth. the Moon, whereas from the Moon one may see all the Earth; and on the 
contrary, all the Earth seeth the Moon, and but onely half of it seeth the Earth? 
For the inhabitants, to so speak, of the superior Hemisphere of the Moon, which 
is to us invisible, are deprived of the sight of the Earth: and these haply are the 
Anti thones. But here I remember a particular accident, newly observed by our 
Academian, From the Earth we see more than half the Lunar Globe. in the 
Moon, from whch are gathered two necessary consequences; one is, that we see 
somewhat more than half of the Moon; and the other is, that the motion of the 
Moon hath exact concentricity with the Earth: and thus he finds the 
Phoenomenon and observation. When the Moon hath a correspondence and 
natural sympathy with the Earth, towards which it hath its aspect in such a 
determinate part, it is necessary that the right line which conjoyns their centers, 
do passe ever by the same point of the Moons superficies; so that, who so shall 
from the center of the Earth behold the same, shall alwayes see the same Discus 
or Face of the Moon punctually determined by one and the same circumference; 
But if a man be placed upon the Terrestrial surface, the ray which from his eye 
passeth to the centre of the Lunar Globe, will not pass by the same point of its 
superficies, by which the line passeth that is drawn from the centre of the Earth 
to that of the Moon, save onely when it is vertical to him: but the Moon being 
placed in the East, or in the West, the point of incidence of the visual ray, is 


higher than that of the line which conjoyns the centres; and therefore the 
observer may discern some part of the Lunar Hemisphere towards the upper 
circumference, and alike part of the other is invisible: they are discernable and 
undiscernable, in respect of the Hemisphere beheld from the true centre of the 
Earth: and because the part of the Moons circumference, which is superiour in its 
rising, is nethermost in its setting; therefore the difference of the said superiour 
and inferiour our parts must needs be very observable; certain spots and other 
notable things in those parts, being one while discernable, and another while not. 
A like variation may also be observed towards the North and South extremities 
of the same Discus (or Surface) according as the Moons position is in its greatest 
North or South Latitude; For, if it be North, some of its parts towards the North 
are hid, and some of those parts towards the South are discovered, and so on the 
contrary. Now that these consequences are really true, Two spots in the Moon, 
by which it is perceived that she hath respect to the centre of the Earth in her 
motion. is verified by the Telescope, for there be in the Moon two remarkable 
spots, one of which, when the Moon is in the meridian, is situate to the 
Northwest, and the other is almost diametrically opposite unto it; and the first of 
these is visible even without the Telescope; but the other is not. That towards the 
Northwest is a reasonable great spot of oval figure, separated from the other 
great ones; the opposite one is lesse, and also severed from the biggest, and 
situate in a very cleer field; in both these we may manifestly discern the foresaid 
variations, and see them one after another; now neer the edge or limb of the 
Lunar Discus, and anon remote, with so great difference that the distance betwixt 
the Northwest and the circumference of the Discus is more than twice as great at 
one time, as at the other; and as to the second spot (because it is neerer to the 
circumference) such mutation importeth more, than twice so much in the former. 
Hence its manifest, that the Moon, as if it were drawn by a magnetick vertue, 
constantly beholds the Terrestrial Globe with one and the same aspect, never 
deviating from the same. 


SAGR. 


Oh! when will there be an end put to the new observations and discoveries of 
this admirable Instrument? 


SALV. 


If this succeed according to the progresse of other great inventions, it is to be 
hoped, that in processe of time, one may arrive to the sight of things, to us at 


present not to be imagined. But returning to our first discourse, Sixthly, The 
Earth and Moon interchangeably do illuminate. I say for the sixth resemblance 
betwixt the Moon and Earth, that as the Moon for a great part of time, supplies 
the want of the Suns light, and makes the nights, by the reflection of its own, 
reasonable clear; so the Earth, in recompence, affordeth it when it stands in most 
need, by reflecting the Solar rayes, a very cleer illumination, and so much, in my 
opinion, greater than that which cometh from her to us, by how much the 
superficies of the Earth is greater than that of the Moon. 


SAGR. 


Hold there, Salviatus hold there, and permit me the pleasure of relating to you, 
how at this first hint I have penetrated the cause of an accident, which I have a 
thousand times thought upon, Light reflected from the Earth into the Moon. but 
could never find out. You would say, that the imperfect light which is seen in the 
Moon, especially when it is horned, comes from the reflection of the light of the 
Sun on the Supersicies of the Earth and Sea; and that light is more clear, by how 
much the horns are lesse, for then the luminous part of the Earth, beheld by the 
Moon, is greater, according to that which was a little before proved; to wit, that 
the luminous part of the Earth, exposed to the Moon, is alway as great as the 
obscure part of the Moon, that is visible to the Earth; whereupon, at such time as 
the Moon is sharp-forked, and consequently its tenebrous part great, great also is 
the illuminated part of the Earth beheld from the Moon, and its reflection of light 
so much the more potent. 


SALV. 


This is exactly the same with what I was about to say. In a word, it is a great 
pleasure to speak with persons judicious and apprehensive, and the rather to me, 
for that whilest others converse and discourse touching Axiomatical truths, I 
have many times creeping into my brain such arduous Paradoxes, that though I 
have a thousand times rehearsed this which you at the very first, have of your 
self apprehended, yet could I never beat it into mens brains. 


SIMPL. 


If you mean by your not being able to perswade them to it, that you could not 
make them understand the same, I much wonder thereat, and am very confident 
that if they did not understand it by your demonstration (your way of expression, 


being, in my judgment, very plain) they would very hardly have apprehended it 
upon the explication of any other man; but if you mean you have not perswaded 
them, so as to make them believe it, I wonder not, in the least, at this; for I 
confesse my self to be one of those who understand your discourses, but am not 
satisfied therewith; for there are in this, and some of the other six congruities, or 
resemblances, many difficulties, which I shall instance in, when you have gone 
through them all. 


SALV. 


The desire I have to find out any truth, in the acquist whereof the objections of 
intelligent persons (such as your self) may much assist me, will cause me to be 
very brief in dispatching that which remains. Seventhly, The Earth and Moon do 
mutually eclipse. For a seventh conformity, take their reciprocal responsion as 
well to injuries, as favours; whereby the Moon, which very often in the height of 
its illumination, by the interposure of the Earth betwixt it and the Sun, is 
deprived of light, and eclipsed, doth by way of revenge, in like manner, 
interpose it self between the Earth and the Sun, and with its shadow obscureth 
the Earth; and although the revenge be not answerable to the injury, for that the 
Moon often continueth, and that for a reasonable long time, wholly immersed in 
the Earths shadow, but never was the Earth wholly, nor for any long time, 
eclipsed by the Moon; yet, neverthelesse, having respect to the smalnesse of the 
body of this, in comparision to the magnitude of the other, it cannot be denied 
but that the will and as it were valour of this, is very great. Thus much for their 
congruities or resemblances. It should next follow that we discourse touching 
their disparity; but because Simplicius will favour us with his objections against 
the former, its necessary that we hear and examine them, before we proceed any 
farther. 


SAGR. 


And the rather, because it is to be supposed that Simplicius will not any wayes 
oppose the disparities, and incongruities betwixt the Earth and Moon, since that 
he accounts their substances extremely different. 


SIMPL. 


Amongst the resemblances by you recited, in the parallel you make betwixt the 
Earth and Moon, I find that I can admit none confidently save onely the first, and 


two others; I grant the first, namely, the spherical figure; howbeit, even in this 
there is some kind of difference, for that I hold that of the Moon to be very 
smooth and even, as a looking-glasse, whereas, we find and feel this of the Earth 
to be extraordinary montuous and rugged; but this belonging to the inequality of 
superficies, it shall be anon considered, in another of those Resemblances by you 
alledged; I shall therefore reserve what I have to say thereof, till I come to the 
consideration of that. Of what you affirm next, that the Moon seemeth, as you 
say in your second Resemblance, opacous and obscure in its self, like the Earth; 
I admit not any more than the first attribute of opacity, of which the Eclipses of 
the Sun assure me. For were the Moon transparent, the air in the total 
obscuration of the Sun, would not become so duskish, as at such a time it is, but 
by means of the transparency of the body of the Moon, a refracted light would 
passe through it, as we see it doth through the thickest clouds. But as to the 
obscurity, I believe not that the Moon is wholly deprived of light, as the Earth; 
nay, that clarity which is seen in the remainder ot its Discus, over and the above 
the small crescent enlightened by the Sun, I repute to be its proper and natural 
light, and not a reflection of the Earth, The second clarity of the Moon esteemed 
to be its native light. which I esteem unable, by reason of its asperity 
(cragginesse) and obscurity, to reflect the raies of the Sun. In the third Parallel I 
assent unto you in one part, The Earth unable to reflect the Suns raies. and 
dissent in another: I agree in judging the body of the Moon to be most solid and 
hard, like the Earth, yea much more; for if from Aristotle we receive that the 
Heavens are impenetrable, The substance of the Heavens impenetrable, 
according to Aristotle. and the Stars the most dense parts of Heaven, it must 
necessarily follow, that they are most solid and most impenetrable. 


SAGR. 


What excellent matter would the Heavens afford us for to make Pallaces of, if 
we could procure a substance so hard and so transparent? 


SALV. 


Rather how improper, for being by its transparence, wholly invisible, a man 
would not be able without stumbling at the thresholds, and breaking his head 
against the Walls, to pass from room to room. 


SAGR. 


This danger would not befall him, The substance of Heaven intangible. if it be 
true, as some Peripateticks say, that it is intangible: and if one cannot touch it, 
much less can it hurt him. 


SALV. 


This would not serve the turn, for though the matter of the Heavens cannot be 
touch, as wanting tangible qualities: yet may it easily touch the elementary 
bodies; and to offend us it is as sufficient that it strike us, nay worse, than if we 
should strike it. But let us leave these Pallaces, or, to say better, these Castles in 
the air, and not interrupt Simplicius. 


SIMPL. 


The question which you have so casually started, is one of the most difficulty 
that is disputed in Philosophy; and I have on that subject most excellent conceits 
of a very learned Doctor of Padoua, but it is not now time to enter upon them. 
Therefore returning to our purpose, I say that the Moon, in my opinion, is much 
more solid than the Earth, but do not infer the same, as you do, The superficies 
of the Moon more sleek than any Looking-glass. from the cragginess and 
montuousity of its superficies; but rather from the contrary, namely, from its 
aptitude to receive (as we see it experimented in the hardest stones) a polish and 
lustre exceeding that of the smoothest glass, for such necessarily must its 
superficies be, to render it apt to make so lively reflection of the Suns rays. And 
for those appearances which you mention, of Mountains, Cliffs, Hills, Valleys, 
&c. they are all illusions: and I have been present at certain publick disputes, 
where I have heard it strongly maintained against these introducers of novelties, 
The eminencies and cavities in the Moon are illusions of its opacous and 
perspicuous parts. that such appearances proceed from nothing else, but from the 
unequal distribution of the opacous and perspicuous parts, of which the Moon is 
inwardly and outwardly composed: as we see it often fall out in chrystal, amber, 
and many other precious stones of perfect lustre; in which by reason of the 
opacity of some parts, and the transparency of others, there doth appear several 
concavities and prominencies. In the fourth resemblance, I grant, that the 
superficies of Terrestrial Globe beheld from afar, would make two different 
appearances, namely, one more clear, the other more dark; but I believe that such 
diversity would succeed quite contrary to what you say; that is, I hold that the 
surface of the water would appear lucid, because that it is smooth and 
transparent; and that of the Earth would appear obscure, by reason of its opacity 


and scabrosity, ill accommodated for reflecting the light of the Sun. Concerning 
the fifth comparison, I grant it wholly, and am able, in case the Earth did shine 
as the Moon, to show the same to any one that should from thence above behold 
it, represented by figures answerable to those which we see in the Moon: I 
comprehend also, how the period of its illumination and variation of figure, 
would be monthly, albeit the Sun revolves round about it in twenty four hours: 
and lastly, I do not scruple to admit, that the half onely of the Moon seeth all the 
Earth, and that all the Earth seeth but onely half of the Moon. For what remains, 
I repute it most false, that the Moon can receive light from the Earth, which is 
most obscure, opacous, and utterly unapt to reflect the Suns light, as the Moon 
doth reflect it to us: and as I have said, I hold that that light which we see in the 
remainder of the Moons face (the splendid crescents subducted) by the 
illumination, is the proper and natural light of the Moon, and no easie matter 
would induce me to believe otherwise. The seventh, touching the mutual 
Eclipses, may be also admitted; howbeit that is wont to be called the eclipse of 
the Sun, which you are pleased to phrase the eclipse of the Earth. And this is 
what I have at this time to say in opposition to your seven congruities or 
resemblances, to which objections, if you are minded to make any reply, I shall 
willingly hear you. 


SALV. 


If I have well apprehended what you have answered, it seems to me, that there 
still remains in controversie between us, certain conditions, which I made 
common betwixt the Moon & Earth, and they are these; You esteem the Moon to 
be smooth and polisht, as a Looking-glass, and as such, able to reflect the Suns 
light; and contrarily, the Earth, by reason of its montuosity, unable to make such 
reflection: You yield the Moon to be solid and hard, and that you argue from its 
being smooth and polite, and not from its being montuous; and for its appearing 
montuous, you assign as the cause, that it consists of parts more and less opacous 
and perspicuous. And lastly, you esteem that secondary light, to be proper to the 
Moon, and not reflected from the Earth; howbeit you seem not to deny the sea, 
as being of a smooth surface, some kind of reflection. As to the convincing you 
of that error, that the reflection of the Moon is made, as it were, like that of a 
Looking-glass, I have small hope, whilst I see, that what hath been read in thell 
Saggiatore, & Lettere Solari, two Treatises of Galilaeus. Saggiator and in the 
Solar Letters of our Common Friend, hath profited nothing in your judgment, if 
haply you have attentively read what he hath there written on this subject. 


SIMPL. 


I have perused the same so superficially, according to the small time of leasure 
allowed me from more solid studies; therefore, if you think you can, either by 
repeating some of those reasons, or by alledging others, resolve me these doubts, 
I will hearken to them attentively. 


SALV. 


Į will tell you what comes into my mind upon the instant, and its possible it may 
be a commixtion of my own conceipts, and those which I have sometime read in 
the foresaid Books, by which I well remember, that I was then perfectly 
satisfied, although the conclusions, at first sight seem’d unto me strange 
Paradoxes. We enquire Simplicius, whether to the making a reflection of light, 
like that which we receive from the Moon, it be necessary that the superficies 
from whence the reflection commeth, be so smooth and polite, as the face of a 
Looking-Glasse, or whether a superficies not smooth or polisht, but rough and 
uneven, be more apt for such a purpose. Now supposing two reflections should 
come unto us, one more bright, the other lesse, from two superficies opposite 
unto us, I demand of you, which of the two superficies you think would 
represent it self to our sight, to be the clearest, and which the obscurest. 


SIMPL. 


I am very confident, that that same, which most forcibly reflected the light upon 
me, would shew its self in its aspect the clearer, and the other darker. 


SALV. 


Be pleased to take that Glasse which hangs on yonder Wall, It is proved at large 
that the Moons surface is sharp. and let us go out into the Court-yard. Come 
Sagredus. Now hang the glasse yonder, against that same Wall, on which the 
Sun shines, and now let us with-draw our selves into the shade. See yonder two 
superficies beaten by the Sun, namely, the Wall and the Glasse. Tell me now 
which appears clearest unto you, that of the Wall or that of the Glasse? Why do 
you not answer me? 


SAGR. 


I leave the reply to Simplicius, who made the question; but I, for my own part, 
am perswaded upon this small beginning of the experiment, that the Moon must 
be of a very unpolisht surface. 


SALV. 


What say you Simplicius, if you were to depaint that Wall, and that Glasse 
fastened unto it, where would you use your darkest colours, in designing the 
Wall, or else in painting the Looking-Glasse. 


SIMPL. 
Much the darker in depainting the Glasse. 
SALV. 


Now if from the superficies, which represents it self more clear, there proceedeth 
a more powerful reflection of light, the Wall will more forcibly reflect the raies 
of the Sun, than the Glasse. 


SIMPL. 


Very well, Sir, have you ever a better experiment than this? you have placed us 
where the Glasses doth not reverberate upon us; but come along with me a little 
this way; how, will you not stir? 


SAGR. 
You perhaps seek the place of the reflection, which the Glasse maketh. 
SIMPL. 
I do so. 
SAGR. 


Why look you, there it is upon the opposite Wall, just as big as the Glasse, and 
little lesse bright than if the Sun had directly shined upon it. 


SIMPL. 


Come hither therefore, and see from hence the surface of the Glasse, and tell me 
whether you think it more obscure than that of the Wall. 


SAGR. 


Look on it your self, for I have no mind at this time, to dazle my eyes; and I 
know very well, without seeing it, that it there appears as splendid and bright as 
the Sun it self, or little lesse. 


SIMPL. 


What say you therefore, is the reflection of a Glasse lesse powerful than that of a 
Wall? I see, that in this opposite Wall, where the reflection of the other 
illuminated Wall comes, together with that of the Glasse, this of the Glasse is 
much clearer; and I see likewise, that, from this place where I stand, the glasse it 
self appears with much more lustre than the Wall. 


SALV. 


You have prevented me with your subtlety; for I stood in need of this very 
observation to demonstrate what remains. You see then the difference which 
happens betwixt the two reflections made by the two superficies of the Wall and 
Glasse, percu t in the self-same manner, by the rayes of the Sun; and you see, 
how the reflection which comes from the Wall, diffuseth it self towards all the 
parts opposite to it, but that of the Glasse goeth towards one part onely, not at all 
bigger than the Glasse it self: you see likewise, how the superficies of the Wall, 
beheld from what part soever, alwayes shews it self of one and the same 
cleernesse, and every way, much clearer than that of the Glasse, excepting only 
in that little place, on which the Glasses reflection reverberates, for from thence 
indeed the Glasse appears much more lucid than the Wall. By these so sensible, 
and palpable experiments, my thinks one may soon come to know, whether the 
reflection which the Moon sends upon us, proceed as from a Glasse, or else, as 
from a Wall, that is, from a smooth superficies, or a rugged. 


SAGR. 


If I were in the Moon it self, I think I could not with my hands more plainly feel 
the unevennesse of its superficies, than I do now perceive it, by apprehending 
your discourse. The Moon beheld in any posture, in respect of the Sun and us, 
sheweth us its superficies, touch’t by the Suns rayes, alwayes equally clear; an 


effect, which answers to an hair that of the Wall, which beheld from what place 
soever, appeareth equally bright, and differeth from the Glasse, which from one 
place onely appeareth lucid, and from all others obscure. Moreover, the light 
which cometh to me from the reflection of the Wall, is tollerable, and weak, in 
comparison of that of the Glasse, which is little lesse forcible and offensive to 
the sight, than that primary and direct light of the Sun. And thus without trouble 
do we behold the face of the Moon; which were it as a Glasse, it appearing to us 
by reason of its vicinity, as big as the Sun it self, its splendor would be 
absolutely intollerable, and would seem as if we beheld another Sun. 


SALV. 


Ascribe not, I beseech you Sagredus, more to my demonstration, than it 
produceth. I will oppose you with an instance, which I see not well how you can 
easily resolve. You insist upon it as a grand difference between the Moon and 
Glasse, that it emits its reflection towards all parts equally, as doth the Wall; 
whereas the Glasse casts it upon one onely determinate place; and from hence 
you conclude the Moon to be like to the Wall, and not to the Glasse: Flat 
Looking-glasses cast forth the reflection towards but one place, but the spherical 
every way. But I must tell you, that that same Glasse casts its reflection on one 
place onely, because its surface is flat, and the reflex rayes being to depart at 
angles equal to those of the rayes of incidence, it must follow that from a plane 
or flat superficies, they do depart unitedly towards the same place; but in regard 
that the superficies of the Moon is not plain, but spherical, and the incident rayes 
upon such a superficies, being to reflect themselves at angles equal to those of 
the incidence towards all parts, by means of the infinity of the inclinations which 
compose the spherical superficies, therefore the Moon may send forth its 
reflection every way; and there is no necessity for its repercussion upon one 
place onely, as that Glasse which is flat. 


SIMPL. 


This is one of the very same objections, which I intended to have made against 
him. 


SAGR. 


If this be one, you had need have more of them; yet I tell you, that as to this first, 
it seems to me to make more against you, than for you. 


SIMPL. 


You have pronounced as a thing manifest, that the reflection made by that Wall, 
is as cleer and lucid as that which the Moon sends forth, and I esteem it nothing 
in comparison thereto. For, in this businesse of the illumination, its requisite to 
respect, and to distinguish the Sphere of Activity; The sphere of Activity greater 
in the Coelestial bodies than in Elementary. and who questions but the Coelestial 
bodies have greater Spheres of activity, than these our elementary, frail, and 
mortal ones? and that Wall, finally, what else is it but a little obscure Earth, 
unapt to shine? 


SAGR. 


And here also I believe, that you very much deceive your felf. But I come to the 
first objection moved by Salviatus; and I consider, that to make a body appear 
unto us luminous, it sufficeth not that the rayes of the illuminating body fall 
upon it, but it is moreover requisite that the reflex rayes arrive to our eye; as is 
manifestly seen in the example of that Glasse, upon which, without question, the 
illuminating rayes of the Sun do come; yet neverthelesse, it appears not to us 
bright and shining, unlesse we set our eye in that particular place, where the 
reflection arriveth. Now let us consider what would succeed, were the glasse of a 
spherical figure; for without doubt, we should find, that of the reflection made 
by the whole surface illuminated, that to be but a very small part, which arriveth 
to the eye of a particular beholder; by reason that that is but an incosiderable 
particle of the whole spherical superficies, the inclination of which casts the ray 
to the particular place of the eye; whence the part of the spherical superficies, 
which shews it self shining to the eye, must needs be very small; all the rest 
being represented obscure. So that were the Moon smooth, as a Looking-glasse, 
The Moon if it were smooth, like a spherical glasse, would be invisible. a very 
small part would be seen by any particular eye to be illustrated by the Sun, 
although its whole Hemisphere were exposed to the Suns rayes; and the rest 
would appear to the eye of the beholder as not illuminated, and therefore 
invisible; and finally, the whole Moon would be likewise invisible, for so much 
as that particle, whence the reflection should come, by reason of its smalnesse 
and remotenesse, would be lost. And as it would be invisible to the eye, so 
would it not afford any light; for it is altogether impossible, that a bright body 
should take away our darknesse by its splendor, and we not to see it. 


SALV. 


Stay good Sagredus, for I see some emotions in the face and eyes of Simplicius, 
which are to me as indices that he is not either very apprehensive of, or satisfied 
with this which you, with admirable proof, and absolute truth have spoken. And 
yet I now call to mind, that I can by another experiment remove all scruple. I 
have seen above in a Chamber, a great spherical Looking-glasse; let us send for 
it hither, and whilest it is in bringing, let Simplicius return to consider, how great 
the clarity is which cometh to the Wall here, under the penthouse, from the 
reflection of the flat glasse. 


SIMPL. 

I see it is little lesse shining, than if the Sun had directly beat upon it. 

SALV. 

So indeed it is. Now tell me, if taking away that small flat glasse, we should put 
that great spherical one in the same place, what effect (think you) would its 
reflection have upon the same Wall? 

SIMPL. 

I believe that it would eject upon it a far greater and more diffused light. 


SALV. 


But if the illumination should be nothing, or so small, that you would scarse 
discern it, what would you say then? 


SIMPL. 
When I have seen the effect, I will bethink my self of an answer. 
SALV. 


See here is the glasse, which I would have to be placed close to the other. But 
first let us go yonder towards the reflection of that flat one, and attentively 
observe its clarity; see how bright it is here where it shines, and how distinctly 
one may discern these small unevennesses in the Wall. 


SIMPL. 


I have seen and very well observed the same, now place the other glasse by the 
side of the first. 


SALV. 


See where it is. It was placed there assoon as you began to look upon the Walls 
small unevennesses, and you perceived it not, so great was the encrease of the 
light all over the rest of the Wall. Now take away the flat glasse. Behold now all 
reflection removed, though the great convex glasse still remaineth. Remove this 
also, and place it there again if you please, and you shall see no alteration of 
light in all the Wall. See here then demonstrated to sense, that the reflection of 
the Sun, made upon a spherical convex glasse, doth not sensibly illuminate the 
places neer unto it. Now what say you to this experiment? 


SIMPL. 


Į am afraid that there may be some Leigerdemain, used in this affair; yet in 
beholding that glasse I see it dart forth a great splendor, which dazleth my eyes; 
and that which imports most of all, I see it from what place soever I look upon it; 
and I see it go changing situation upon the superficies of the glasse, which way 
soever I place my self to look upon it; a necessary argument, that the light is 
livelily reflected towards every side, and consequently, as strongly upon all that 
Wall, as upon my eye. 


SALV. 


Now you see how cautiously and reservedly you ought to proceed in lending 
your assent to that, which discourse alone representeth to you. There is no doubt 
but that this which you say, carrieth with it probability enough, yet you may see, 
how sensible experience proves the contrary. 


SIMPL. 

How then doth this come to pass? 

SALV. 

I will deliver you my thoughts thereof, but I cannot tell how you may be pleas’d 


therewith. And first, that lively splendor which you see upon the glass, and 
which you think occupieth a good part thereof, is nothing near so great, nay is 


very exceeding small; but its liveliness occasioneth in your eye, (by means of the 
reflection made on the humidity of the extream parts of the eye-brows, which 
distendeth upon the pupil) an adventitious irradiation, like to that blaze which we 
think we see about the flame of a candle placed at some distance; or if you will, 
you may resemble it to the adventitious splendor of a star; The small body of the 
stars fringed round about with rays, appeareth very much bigger than plain and 
naked, and in its native clarity for if you should compare the small body v. g. of 
the Canicula, seen in the day time with the Telescope, when it is seen without 
such irradiation, with the same seen by night by the eye it self, you will 
doubtless comprehend that being irradiated, it appeareth above a thousand times 
bigger than the naked and real body: and a like or greater augmentation doth the 
image of the Sun make, which you see in that glass. I say greater, for that it is 
more lively than the star, as is manifest from our being able to behold the star 
with much less offence, than this reflection of the glass. The reverberation 
therefore which is to dispere it self all over this wall, cometh from a small part of 
that glass, and that which even now came from the whole flat glass dispersed 
and restrain’d it self to a very small part of the said wall. What wonder is it then, 
that the first reflection very lively illuminates, and that this other is almost 
imperceptible? 


SIMPL. 


I find my self more perplexed than ever, and there presents it self unto me the 
other difficulty, how it can be that that wall, being of a matter so obscure, and of 
a superficies so unpolish’d, should be able to dart from it greater light, than a 
glass very smooth and polite. 


SALV. 


Greater light it is not, but more universal; for as to the degree of brightness, you 
see that the reflection of that small flat glass, where it beamed forth yonder 
under the shadow of the penthouse, illuminateth very much; and the rest of the 
wall which receiveth the reflection of the wall on which the glass is placed, is 
not in any great measure illuminated, as was the small part on which the 
reflection of the glass fell. And if you would understand the whole of this 
business, you must consider that the superficies of that wall’s being rough, The 
reflex light of uneven bodies, is more universal than that of the smooth, & why. 
is the same as if it were composed of innumerable small superficies, disposed 
according to innumerable diversities of inclinations: amongst which it 


necessarily happens, that there are many disposed to send forth their reflex rays 
from them into such a place, many others into another: and in sum, there is not 
any place to which there comes not very many rays, reflected from very many 
small superficies, dispersed throughout the whole superficies of the rugged body, 
upon which the rays of the Sun fall. From which it necessarily followeth, That 
upon any, whatsoever, part of any superficies, opposed to that which receiveth 
the primary incident rays, there is produced reflex rays, and consequently 
illumination. There doth also follow thereupon, That the same body upon which 
the illuminating rays fall, beheld from whatsoever place, appeareth all 
illuminated and shining: and therefore the Moon, as being of a superficies 
rugged and not smooth, The Moon, if it were smooth and sle k, would be 
invisible. beameth forth the light of the Sun on every side, and to all beholders 
appeareth equally lucid. But if the surface of it, being spherical, were also 
smooth as a glass, it would become wholly invisible; forasmuch as that small 
part, from which the image of the Sun should be reflected unto the eye of a 
particular person, by reason of its great distance would be invisible, as I have 
said before. 


SIMPL. 


I am very apprehensive of your discourse; yet methinks I am able to resolve the 
same with very little trouble; and easily to maintain, that the Moon is rotund and 
polite, and that it reflects the Suns light unto us in manner of a glass; nor 
therefore ought the image of the Sun to be seen in the middle of it, forasmuch as 
the species of the Sun it self admits not its small figure to be seen at so great a 
distance, but the light produced by the Sun may help us to conceive that it 
illuminateth the whole Lunar Body: a like effect we may see in a plate gilded 
and well pollish’d, which touch’t by a luminous body, appeareth to him that 
beholds it at some distance to be all shining; and onely near at hand one may 
discover in the middle of it the small image of the luminous body. 


SALV. 


Ingenuously confessing my dullness of apprehension, I must tell you, that I 
understand not any thing of this your discourse, save onely what concerns the 
gilt plate: and if you permit me to speak freely, I have a great conceit that you 
also understand not the same, but have learnt by heart those words written by 
some one out of a desire of contradiction, and to shew himself more intelligent 
than his adversary; but it must be to those, which to appear also more wise, 


applaud that which they do not understand, and entertain a greater conceit of 
persons, the less they are by them understood: and the writer himself may be one 
of those (of which there are many) who write what they do not understand, Some 
write what they understand not, and therefore understand not what they write. 
and consequently understand not what they write. Therefore, omitting the rest, I 
reply, as to the gilt plate, that if it be flat and not very big, it may appear at a 
distance very bright, whilst a great light beameth upon it, but yet it must be when 
the eye is in a determinate line, namely in that of the reflex rays: and it will 
appear the more shining, if it were v. g. of silver, by means of its being 
burnished, and apt through the great density of the metal, to receive a perfect 
polish. And though its superficies, being very well brightned, were not exactly 
plain, but should have various inclinations, yet then also would its splendor be 
seen many ways; namely, from as many places as the various reflections, made 
by the several superficies, Diamonds ground to divers sides, & why. do reach: 
for therefore are Diamonds ground to many sides, that so their pleasing lustre 
might be beheld from many places. But if the Plate were very big, though it 
should be all plain, yet would it not at a distance appear all over shining: and the 
better to express my self, Let us suppose a very large gilt plate exposed to the 
Sun, it will shew to an eye far distant, the image of the Sun, to occupy no more 
but a certain part of the said plate; to wit, that from whence the reflection of the 
incident solar rays come: but it is true that by the vivacity of the light, the said 
image will appear fringed about with many rays, and so will seem to occupie a 
far greater part of the plate, than really it doth. And to shew that this is true, 
when you have noted the particular place of the plate from whence the reflection 
cometh, and conceived likewise how great the shining place appeared to you, 
cover the greater part of that same space, leaving it only visible about the midst; 
and all this shall not any whit diminish the apparent splendor to one that beholds 
it from afar; but you shall see it largely dispers’d upon the cloth or other matter, 
wherewith you covered it. If therefore any one, by seeing from a good distance a 
small gilt plate to be all over shining, should imagine that the same would also 
even in a plate as broad as the Moon, he is no less deceived, than if he should 
believe the Moon to be no bigger than the bottom of a tub. If again the plate 
were turn’d into a spherical superficies, the reflection would be seen strong in 
but one sole particle of it; but yet by reason of its liveliness, it will appear 
fringed about with many glittering rays: the rest of the Ball would appear 
according as it was burnished; Silver wished appears ma e obscu e, the not 
burnished, & why. and this also onely then when it was not very much polished, 
for should it be perfectly brightned, it would appear obscure. An example of this 
we have dayly before our eyes in silver vessels, which whilst they are only 


boyl’d in the Argol and Salt, they are all as white as snow, and do not reflect any 
image; but if they be in any part burnish’d, they become in that place presently 
obscure: and in them one may see the representation of any thing as in Looking- 
glasses. And that chanto obscurity, proceeds from nothing else but the 
smoothing and plaining of a fine grain, which made the superficies of the silver 
rough, and yet such, as that it reflected the light into all parts, whereby it seemed 
from all parts equally illuminated: which small unevennesses, when they come 
to be exquisitely plained by the burnish, so that the reflection of the rays of 
incidence are all directed unto one determinate place; then, from that same place, 
the burnish’d part shall shew much more bright and shining than the rest which 
is onely whitened by boyling; but from all other places it looks very obscure. 
And note, that the diversity of sights of looking upon burnish’d superficies, 
Burnish’d Steel from one very from , very obscure. occasioneth such 
difference in appearances, that to imitate and represent in picture, v. g. a polish’d 
Cuirace, one must couple black plains with white, one sideways to the other, in 
those parts of the arms where the light falleth equally. 


SAGR. 


If therefore these great Philosophers would acquiese in granting, that the Moon, 
Venus and the other Planets, were not of so bright and smooth a surface as a 
Looking-glass, but wanted some small matter of it, namely, were as a silver 
plate, onely boyled white, but not burnished; would this yet suffice to the 
making of it visible, and apt for darting forth the light of the Sun? 


SALV. 


It would suffice in part; but would not give a light so strong, as it doth being 
mountainous, and in sum, full of eminencies and great cavities. But these 
Philosophers will never yield it to be lesse polite than a glasse; but far more, if 
more it can be imagined; for they esteeming that to perfect bodies perfect figures 
are most sutable; it is necessary, that the sphericity of those Coelestial Globes be 
most exact; besides, that if they should grant me some inequality, though never 
so small, I would not scruple to take any other greater; for that such perfection 
consisting in indivisibles, an hair doth as much detract from its perfection as a 
mountain. 


SAGR. 


Here I meet with two difficulties, one is to know the reason why the greater 
inequality of superficies maketh the stronger reflection of light; the other is, why 
these Peripatetick Gentlemen are for this exact figure. 


SALV. 


I will answer to the first; The more rough superficies make greater reflection of 
light, than the less rough. and leave to Simplicius the care of making reply to the 
second. You must know therefore, that the same superficies happen to be by the 
same light more or less illuminated, according as the rayes of illumination fall 
upon them more or lesse obliquely; Perpendicular rays illuminate more than the 
oblique, and why. so that the greatest illumination is where the rayes are 
perpendicular. And see, how I will prove it to your sense. I bend this paper, so, 
that one part of it makes an angle upon the other: and exposing both these parts 
to the reflection of the light of that opposite Wall, you see how this side which 
receiveth the rayes obliquely, is lesse shining than this other, where the 
reflection fals at right angles; and observe, that as I by degrees receive the 
illumination more obliquely, it groweth weaker. 


SAGR. 
I see the effect, but comprehend not the cause. 
SALV. 


If you thought upon it but a minute of an hour, you would find it; but that I may 
not waste the time, see a kind of demonstration thereof in Fig. 7. 


SAGR. 

The bare sight of this Figure hath fully satisfied me, therefore proceed. 
SIMPL. 

Pray you let me hear you out, for I am not of so quick an apprehension. 
SALV. 


Fancie to your self, that all the paralel lines, which you see to depart from the 
terms A. B. are the rays which fall upon the line C. D. at right angles: The more 


oblique Rayes illuminate less, and why. then incline the said C. D. till it hang as 
D. O. now do not you see that a great part of those rays which peirce C. D. pass 
by without touching D. O? If therefore D. O. be illuminated by fewer rays, it is 
very reasonable, that the light received by it be more weak. Let us return now to 
the Moon, which being of a spherical figure, if its superficies were smooth, as 
this paper, the parts of its hemisphere illuminated by the Sun, which are towards 
its extremity, would receive much less light, than the middle parts; the rays 
falling upon them most obliquely, and upon these at right angles; whereupon at 
the time of full Moon, when we see almost its whole Hemisphere illuminated, 
the parts towards the midst, would shew themselves to us with more splendor, 
than those others towards the circumference: which is not so in effect. Now the 
face of the Moon being represented to me full of indifferent high mountains, do 
not you see how their tops and continuate ridges, being elevated above the 
convexity of the perfect spherical superficies, come to be exposed to the view of 
the Sun, and accommodated to receive its rays much less obliquely, and 
consequently to appear as luminous as the rest? 


SAGR. 


All this I well perceive: and if there are such mountains, its true, the Sun will 
dart upon them much more directly than it would do upon the inclination of a 
polite superficies: but it is also true, that betwixt those mountains all the valleys 
would become obscure, by reason of the vast shadows, which in that time would 
be cast from the mountains, whereas the parts towards the middle, though full of 
valleys and hills, by reason they have the Sun elevated, would appear without 
shadow, and therefore more lucid by far than the extreme parts, which are no 
less diffused with shadow than light, and yet we can perceive no such difference. 


SIMPL. 
I was ruminating upon the like difficulty. 
SALV. 


How much readier is Simplicius to apprehend the objections which favour the 
opinions of Aristotle, than their solutions? I have a kind of suspition, that he 
strives also sometimes to dissemble them; and in the present case, he being of 
himself able to hit upon the doubt, which yet is very ingenious, I cannot believe 
but that he also was advis’d of the answer; wherefore I will attempt to wrest the 


same (as they say) out of his mouth. Therefore tell me, Simplicius, do you think 
there can be any shadow, where the rays of the Sun do shine? 


SIMPL. 


I believe, nay I am certain that there cannot; for that it being the grand luminary, 
which with its rays driveth away darkness, it is impossible any tenebrosity 
should remain where it cometh; moreover, we have the definition, that Tenebrae 
sunt privatio luminis. 


SALV. 


Therefore the Sun, beholding the Earth, Moon or other opacous body, never 
seeth any of its shady parts, it not having any other eyes to see with, save its 
rays, the conveyers of light: and consequently, one standing in the Sun would 
never see any thing of umbrage, forasmuch as his visive rays would ever go 
accompanied with those illuminating beams of the Sun. 


SIMPL. 
This is true, without any contradiction. 
SALV. 


But when the Moon is opposite to the Sun, what difference is there between the 
tract of the rayes of your sight, and that motion which the Suns rayes make? 


SIMPL. 


Now I understand you; for you would say, that the rayes of the sight and those of 
the Sun, moving by the same lines, we cannot perceive any of the obscure 
valleys of the Moon. Be pleased to change this your opinion, that I have either 
simulation or dissimulation in me; for I protest unto you, as I am a Gentleman, 
that I did not guesse at this solution, nor should I have thought upon it, without 
your help, or without long study. 


SAGR. 


The resolutions, which between you two have been alledged touching this last 
doubt, hath, to speak the truth, satisfied me also. But at the same time this 


consideration of the visible rayes accompanying the rayes of the Sun, hath 
begotten in me another scruple, about the other part, but I know not whether I 
can expresse it right, or no: for it but just now comming into my mind, I have not 
yet methodized it to my mind: but let us see if we can, all together, make it 
intelligible. There is no question, but that the parts towards the circumference of 
that polish’t, but not burnish’t Hemisphere, which is illuminated by the Sun, 
receiving the rayes obliquely, receive much fewer thereof, than the middlemost 
parts, which receive them directly. And its possible, that a tract or space of v. g. 
twenty degrees in breadth, and which is towards the extremity of the 
Hemisphere, may not receive more rays than another towards the middle parts, 
of but four degree broad: so that that doubtless will be much more obscure than 
this; and such it will appear to whoever shall behold them both in the face, or (as 
I may say) in their full magnitude. But if the eye of the beholder were constituted 
in such a place, that the breadth of the twenty degrees of the obscure space, 
appeared not to it longer than one of four degrees, placed in the midst of the 
Hemisphere, I hold it not impossible for it to appear to the said beholder equally 
clear and lucid with the other; because, finally, between two equal angles, to wit, 
of four degrees apiece, there come to the eye the reflections of two equal 
numbers of rayes: namely, those which are reflected from the middlemost space, 
four degrees in breadth, and those reflected from the other of twenty degrees, but 
seen by compression, under the quantity of four degrees: and such a situation 
shall the eye obtain, when it is placed between the said Hemisphere, and the 
body which illuminates it; for then the sight and rayes move in the same lines. It 
seemeth not impossible therefore, but that the Moon may be of a very equal 
superficies; and that neverthelesse, it may appear when it is at the full, no less 
light in the extremities, than in the middle parts. 


SALV. 


The doubt is ingenious and worthy of consideration; and as it but just now came 
into your mind unawares, so I will like wise answer with what first comes into 
my thoughts, and it may happily fall out, that by thinking more upon it, I may 
stumble upon a better reply. But before, that I labyrinth my self any farther, it 
would be necessary, that we assure our selves by some experiment, whether your 
objection prove in effect, what it seemeth to conclude in appearance; and 
therefore taking once more the same paper, and making it to incline, by bending 
a little part thereof upon the remainder, let us try whether exposing it to the Sun, 
so that the rayes of light fall upon the lesser part directly, and upon the other 
obliquely; this which receiveth the rayes directly appeareth more lucid; and see 


here by manifest experience, that it is notably more clear. Now if your objection 
be conclusive, it will follow, that stooping with our eye so, that in beholding the 
other greater part, less illuminated, in compression or fore-shortning, it appear 
unto us no bigger than the other, more shining; and that consequently, it be not 
beheld at a greater angle than that; it will necessarily ensue, I say, that its light be 
encreased, so that it do seem to us as bright as the other. See how I behold, and 
look upon it so obliquely, that it appeareth to me narrower than the other; but 
yet, notwithstanding its obscurity, doth not to my perceiving, at all grow clearer. 
Try now if the same succeed to you. 


SAGR. 


I have look’t upon it, and though I have stooped with my eye, yet cannot I see 
the said superficies encrease in light or clarity; nay me thinks it rather grows 
more dusky. 


SALV. 


We are hitherto confident of the invalidity of the objection; In the next place, as 
to the solution, I believe, that, by reason the Superficies of this paper is little 
lesse than smooth, the rayes are very few, which be reflected towards the point 
of incidence, in comparison of the multitude, which are reflected towards the 
opposite parts; and that of those few more and more are lost, the nearer the 
visive rayes approach to those lucid rayes of incidence; and because it is not the 
incident rayes, but those which are reflected to the eye, that make the object 
appear luminous; therefore, in stooping the eye, there is more lost than got, as 
you your self confesse to have seen in looking upon the obscurer part of the 


paper. 
SAGR. 


I rest satisfied with this experiment and reason: It remains now, that Simplicius 
answer to my other question, and tell me what moves the Peripateticks to require 
this so exact rotundity in the Coelestial bodies. 


SIMPL. 


The Coelestial bodies being ingenerable, inalterable, impassible, immortal, 
Perfect why ascribed is Coelestial bodies, by the Peripateticks. &c. they must 
needs be absolutely perfect; and their being absolute perfect, necessarily implies 


that there is in them all kinds of perfection; and consequently, that their figure be 
also perfect, that is to say, spherical; and absolutely and perfectly spherical, and 
not rough and irregular. 


SALV. 
And this incorruptibility, from whence do you prove it? 
SIMPL. 


Immediately by its freedom from contraries, and mediately, by its simple 
circular motion. 


SALV. 


So that; The Figure is not the cause of incorruptibili r, but of longer duration. by 
what I gather from your discourse, in making the essence of the Coelestial 
bodies to be incorruptible, inalterable, &c, there is no need of rotundity as a 
cause, or requisite; for if this should cause inalterability, we might at our 
pleasure make wood, wax, and other Elementary matters, incorruptible, by 
reducing them to a spherical figure. 


SIMPL. 


And is it not manifest that a ball of Wood will better and longer be preserved, 
than an oblong, or other angular figure, made of a like quantity of the same 
wood. 


SALV. 


This is most certain, but yet it doth not of corruptible become incorruptible, but 
still remains corruptible, though of a much longer duration. Corruptibility admits 
of more or lesse; so doth not incorruptibili y. Therefore you must note, that a 
thing corruptible, is capable of being more or lesse such, and we may properly 
say this is lesse corruptible than that; as for example, the Jasper, than the Pietra 
Sirena; but incorruptibility admits not of more, or lesse, so as that it may be said 
this is more incorruptible than that, The perfection of figure, operateth in 
corruptible bodies, but not in the eternal. if both be incorruptible and eternal. The 
diversity of figure therefore cannot operate: save onely in matters capable of 
more or lesse duration; but in the eternal, which cannot be other than equally 


eternal, the operation of figure ceaseth. And therefore, since the Coelestial 
matter is not incorruptible by figure, but otherwayes no man needs to be so 
solicitous for this perfect sphericity; for if the matter be incorruptible, let it have 
what figure it will, it shall be alwayes such. 


SAGR. 


But I am considering another thing, If the spherical figure conferreth eternity, all 
bodies would be eternal. and say, that if we should grant the spherical figure a 
faculty of conferring incorruptibility, all bodies of whatsoever figure, would be 
incorruptible; forasmuch as if the rotund body be incorruptible, corruptibility 
would then subsist in those parts which alter the perfect rotundity; as for 
instance, there is in a Die a body perfectly round, and, as such, incorruptible; 
therefore it remaineth that those angles be corruptible which cover and hide the 
rotundity; so that the most that could happen, would be, that those angles, and 
(to so speak) excrescencies, would corrupt. But if we proceed to a more inward 
consideration, that in those parts also towards the angles, there are comprised 
other lesser bals of the same matter; and therefore they also, as being round, 
must be also incorruptible; and likewise in the remainders, which environ these 
eight lesser Spheres, a man may understand that there are others: so that in the 
end, resolving the whole Die into innumerable balls, it must necessarily be 
granted incorruptible. And the same discourse and resolution may be made in all 
other figures. 


SALV. 


Your method in making the conclusion, for if v. g. a round Chrystal were, by 
reason of its figure, incorruptible; namely, received from thence a faculy of 
resisting all internal and external alterations, we should not find, that the joyning 
to it other Chrystal, and reducing it v. g. into a Cube, would any whit alter it 
within, or without; so as that it would thereupon become lesse apt to resist the 
new ambient, made of the same matter, than it was to resist the other, of a matter 
different; and especially, if it be true, that corruption is generated by contraries, 
as Aristotle saith; and with what can you enclose that ball of Crystal, that is lesse 
contrary to it, than Crystal it self? But we are not aware how time flies away; 
and it will be too late before we come to an end of our dispute, if we should 
make so long discourses, upon every particular; besides our memories are so 
confounded in the multiplicity of notions, that I can very hardly recal to mind the 
Propotsiions, which I proposed in order to Simplicius, for our consideration. 


SIMPL. 


I very well remember them: And as to this particular question of the montuosity 
of the Moon, there yet remains unanswered that which I have alledged, as the 
cause, (and which may very well serve for a solution) of that Phaenomenon, 
saying, that it is an illusion proceeding from the parts of the Moon, being 
unequally opacous, and perspicuous. 


SAGR. 


Even now, when Simplicius ascribed the apparent Protnberancies or 
unevennesses of the Moon (according to the opinion of a certain Peripatetick his 
friend) to the diversly opacous, and perspicuous parts of the said Moon, Mother 
of Pearl accommodated to imitate the apparent unevennesses of the Moons 
surface. conformable to which the like illusions are seen in Crystal, and Jems of 
divers kinds, I bethought my self of a matter much more commodious for the 
representing such effects; which is such, that I verily believe, that that 
Philosopher would give any price for it; and it is the mother of Pearl, which is 
wrought into divers figures, and though it be brought to an extreme evennesse, 
yet it seemeth to the eye in several parts, so variously hollow and knotty, that we 
can scarce credit our feeling of their evennesse. 


SALV. 


This invention is truly ingenious; and that which hath not been done already, 
may be done in time to come; and if there have been produced other Jems, and 
Crystals, which have nothing to do with the illusions of the mother of Pearl, 
these may be produced also; in the mean time, that I may not prevent any one, I 
will suppresse the answer which might be given, and onely for this time betake 
my self to satisfie the objections brought by Simplicius. I say therefore, that this 
reason of yours is too general, and as you apply it not to all the appearances one 
by one; which are seen in the Moon, and for which my self and others are 
induced to hold it mountainous, I believe you will not find any one that will be 
satisfied with such a doctrine; nor can I think, that either you, or the Author 
himself, find in it any greater quietude, The apparent unevennesses of the Moon 
cannot be imitated by way of more and less opacity & perspicuity. than in any 
other thing wide from the purpose. Of the very many several appearances which 
are seen night by night in the course of Moon, you cannot imitate so much as 
one, by making a Ball at your choice, more or less opacous and perspicuous, and 
that is of a polite superficies; The various aspects of the Moon, imitable with any 
Opacous matter. whereas on the contrary, one may make Balls of any solid 
matter whatsoever, that is not transparent, which onely with eminencies and 
cavities, and by receiving the illumination several ways, shall represent the same 
appearances and mutations to an hair, Various appearances from which the 
Moons montuosity is argued. which from hour to hour are discovered in the 
Moon. In them you shall see the ledges of Hills exposed to the Suns light, to be 
very shining, and after them the projections of their shadows very obscure; you 
shall see them greater and less, according as the said eminencies shall be more or 
less distant from the confines which distinguish the parts of the Moon 
illuminated, from the obscure: you shall see the same term and confine, not 
equally distended, as it would be if the Ball were polish’d, but craggie and 
rugged. You shall see beyond the same term, in the dark parts of the Moon many 
bright prominencies, and distinct from the rest of the illuminations: you shall see 
the shadows aforesaid, according as the illumination gradually riseth, to 
deminish by degrees, till they wholly disappear; nor are there any of them to be 
seen when the whole Hemisphere is enlightned. Again on the contrary, in the 
lights passage towards the other Hemisphere of the Moon, you shall again 
observe the same eminencies that were marked, and you shall see the projections 
of their shadows to be made a contrary way, and to decrease by degrees: of 
which things, once more I say, you cannot shew me so much as one in yours that 
are opacous and perspicuous. 


SAGR. 


One of them certainly he may imitate, namely, that of the Full-Moon, when by 
reason of its being all illuminated, there is not to be seen either shadow, or other 
thing, which receiveth any alteration from its eminencies and cavities. But I 
beseech you, Salviatus, let us spend no more time on this Argument, for a person 
that hath had but the patience to make observation of but one or two Lunations, 
and is not satisfied with this most sensible truth, may well be adjudged void of 
all judgment; and upon such why should we throw away our time and breath in 
vain? 


SIMPL. 


I must confess I have not made the observations, for that I never had so much 
curiosity, or the Instruments proper for the business; but I will not fail to do it. In 
the mean time, we may leave this question in suspense, and pass to that point 
which follows, producing the motives inducing you to think that the Earth may 
reflect the light of the Sun no less forceably than the Moon, for it seems to me so 
obscure and opacous, that I judg such an effect altogether impossible. 


SALV. 


The cause for which you repute the Earth unapt for illumination, may rather 
evince the contrary: And would it not be strange, Simplicius, if I should 
apprehend your discourses better than you your self? 


SIMPL. 


Whether I argue well or ill, it may be, that you may better understand the same 
than I; but be it ill or well that I discourse, I shall never believe that you can 
penetrate what I mean better than I my self. 


SALV. 


Well, I will make you believe the same presently. Tell me a little, when the 
Moon is near the Full, so that it may be seen by day, and also at midnight, at 
what do you think it more splendid, by day or by night? 


SIMPL. 


By night, The Moon appears brighter by night than by day. without all 
comparison. And methinks the Moon resembleth that pillar of Clouds and pillar 


of Fire, which guided the Israelites; which at the presence of the Sun, appeared 
like a Cloud, but in the night was very glorious. Thus I have by day observed the 
Moon amidst certain small Clouds, The Moon beheld in the day time, is like to a 
little cloud. just as if one of them had been coloured white, but by night it shines 
with much splendor. 


SALV. 


So that if you had never happened to see the Moon, save onely in the day time, 
you would not have thought it more shining than one of those Clouds. 


SIMPL. 
I verily believe I should not. 
SALV. 


Tell me now; do you believe that the Moon is really more shining in the night 
than day, or that by some accident it seemeth so? 


SIMPL. 


I am of opinion, that it resplends in it self as much in the day as night, but that its 
light appears greater by night, because we behold it in the dark mantle of 
Heaven; and in the day time, the whole Atmosphere being very clear, so that she 
little exceedeth it in lustre, she seems to us much less bright. 


SALV. 


Now tell me; have you ever at midnight seen the Terrestrial Globe illuminated 
by the Sun? 


SIMPL. 


This seemeth to me a question not to be ask’d, unless in jest, or of some person 
known to be altogether void of sense. 


SALV. 


No, no; I esteem you to be a very rational man, and do ask the question 
seriously; and therefore answer me: and if afterwards you shall think that I speak 
impertinently, I will be content to be the senseless man: for he is much more a 
fool who interrogates simply, than he to whom the question is put. 


SIMPL. 


If then you do not think me altogether simple, take it for granted that I have 
answered you already, and said, that it is impossible, that one that is upon the 
Earth, as we are, should see by night that part of the Earth where it is day, 
namely, that is illuminated by the Sun. 


SALV. 


Therefore you have never seen the Earth enlightned, save onely by day; but you 
see the Moon to shine also in the dead of night. And this is the cause, Simplicius, 
which makes you believe that the Earth doth not shine like the Moon; but if you 
could see the Earth illuminated, whilst you were in some dark place, like our 
night, you would see it shine brighter than the Moon. Now if you desire that the 
comparison may proceed well, you must compare the light of the Earth, with that 
of the Moon seen in the day time, and not with the same by night: for it is not in 
our power to see the Earth illuminated, save onely in the day. Is it not so? 


SIMPL. 
So it ought to be. 
SALV. 


And forasmuch as you your self have already confessed to have seen the Moon 
by day among some little white Clouds, and very nearly, as to its aspect, 
resembling one of them; you did thereby grant, Clouds are no less apt than the 
Moon to be illuminated by the Sun. that those Clouds, which yet are Elementary 
matters, are as apt to receive illumination, as the Moon, yea more, if you will but 
call to mind that you have sometimes seen some Clouds of vast greatness, and as 
perfect white as the Snow; and there is no question, but that if such a Cloud 
could be continued so luminous in the deep of night, it would illuminate the 
places near about it, more than an hundred Moons. If therefore we were assured 
that the Earth is illuminated by the Sun, like one of those Clouds, it would be 
undubitable, but that it would be no less shining than the Moon. But of this there 


is no question to be made, in regard we see those very Clouds in the absence of 
the Sun, to remain by night, as obscure as the Earth: and that which is more, 
there is not any one of us, but hath seen many times some such Clouds low, and 
far off, and questioned whether they were Clouds or Mountains: an evident sign 
that the Mountains are no less luminous than those Clouds. A wall illuminated 
by the Sun, compared to the Moon shineth no less than it. 


SAGR. 


But what needs more discourse? See yonder the Moon is risen, and more than 
half of it illuminated; see there that wall, on which the Sun shineth; retire a little 
this way, so that you see the Moon sideways with the wall: look now; which of 
them shews more lucid? Do not you see, that if there is any advantage, the wall 
hath it? The Sun shineth on that wall; from thence it is reverberated upon the 
wall of the Hall, The third reflection of a Wall illuminates more than the first of 
the Moon. from thence it’s reflected upon that chamber, so that it falls on it at 
the third reflection: and I am very certain, that there is in that place more light, 
than if the Moons light had directly faln upon it. 


SIMPL. 


But this I cannot believe; for the illumination of the Moon, especially when it is 
at the full, is very great. 


SAGR. 


It seemeth great by reason of the circumjacent dark places; The light of the 
Moon weaker than that of the twilight. but absolutely it is not much, and is less 
than that of the twilight half an hour after the Sun is set; which is manifest, 
because you see not the shadows of the bodies illuminated by the Moon till then, 
to begin to be distinguished on the Earth. Whether, again, that third reflection 
upon that chamber, illuminates more than the first of the Moon, may be known 
by going thether, and reading a Book, and afterwards standing there in the night 
by the Moons light, which will shew by which of them lights one may read more 
or less plainly, but I believe without further tryal, that one should see less 
distinctly by this later. 


SALV. 


Now, Simplicius, (if haply you be satisfied) you may conceive, as you your self 
know very well, that the Earth doth shine no less than the Moon; and the only 
remembring you of some things, which you knew of your self, and learn’d not of 
me, hath assured you thereof: for I taught you not that the Moon shews lighter by 
night than by day, but you understood it of your self; as also you could tell me 
that a little Cloud appeareth as lucid as the Moon: you knew also, that the 
illumination of the Earth cannot be seen by night; and in a word, you knew all 
this, without knowing that you knew it. So that you have no reason to be 
scrupulous of granting, that the dark part of the Earth may illuminate the dark 
part of the Moon, with no less a light than that wherewith the Moon illuminates 
the obscurities of the night, yea rather so much the greater, inasmuch as the 
Earth is forty times bigger than the Moon. 


SIMPL. 


I must confess that I did believe, that that secondary light had been the natural 
light of the Moon. 


SALV. 


And this also you know of your self, and perceive not that you know it. Tell me, 
do not you know without teaching, that the Moon shews it self more bright by 
night than by day, Lum nous bodies appear the brighter in an obscurer ambient. 
in respect of the obscurity of the space of the ambient? and confequently, do you 
not know in genere, that every bright body shews the clearer, by how much the 
ambient is obscurer? 


SIMPL. 
This I know very well. 
SALV. 


When the Moon is horned, and that secondary light seemeth to you very bright, 
is it not ever nigh the Sun, and consequently, in the light of the crepusculum, 
(twilight?) 


SIMPL. 


It is so; and I have oftentimes wish’d that the Air would grow thicker, that I 
might be able to see that same light more plainly; but it ever disappeared before 
dark night. 


SALV. 


You know then very certainly, that in the depth of night, that light would be 
more conspicuous. 


SIMPL. 


I do so; and also more than that, if one could but take away the great light of the 
crescent illuminated by the Sun, the presence of which much obscureth the other 
lesser. 


SALV. 


Why, doth it not sometimes come to pass, that one may in a very dark night see 
the whole face of the Moon, without being at all illuminated by the Sun? 


SIMPL. 


I know not whether this ever happeneth, save onely in the total Ecclipses of the 
Moon. 


SALV. 


Why, at that time this its light would appear very clear, being in a most obscure 
medium, and not darkned by the clarity of the luminous crescents: but in that 
position, how light did it appear to you? 


SIMPL. 


I have sometimes seen it of the colour of brass, and a little whitish; but at other 
times it hath been so obscure, that I have wholly lost the sight of it. 


SALV. 


How then can that light be so natural, which you see so cleer in the close of the 
twilight, notwithstanding the impediment of the great and contiguous splendor of 


the crescents; and which again, in the more obscure time of night, all other light 
removed, appears not at all? 


SIMPL. 


I have heard of some that believed that same light to be participated to these 
crescents from the other Stars, and in particular from Venus, the Moons 
neighbour. 


SALV. 


And this likewise is a vanity; because in the time of its total obscuration, it ought 
to appear more shining than ever; for you cannot say, that the shadow of the 
Earth intercepts the sight of Venus, or the other Stars. But to say true, it is not at 
that instant wholly deprived thereof, for that the Terrestrial Hemisphere, which 
in that time looketh towards the Moon, is that where it is night, that is, an intire 
privation of the light of the Sun. And if you but diligently observe, you will very 
sensibly perceive, that like as the Moon, when it is sharp-horned, doth give very 
little light to the Earth; and according as in her the parts illuminated by the Suns 
light do encrease: so likewise the splendor to our seeming encreaseth, which 
from her is reflected towards us; thus the Moon, whilst it is sharp-forked, and 
that by being between the Sun and the Earth, it discovereth a very great part of 
the Terrestrial Hemisphere illuminated, appeareth very clear: and departing from 
the Sun, and passing towards theBy the Moons two Quadratures you are to 
understand its first and last quarters, as Astrologers call them" Quadrature, you 
may see the said light by degrees to grow dim; and after the Quadrature, the 
same appears very weak, because it continually loseth more and more of the 
view of the luminous part of the Earth: and yet it should succeed quite contrary, 
if that light were its own, or communicated to it from the Stars; for then we 
should see it in the depth of night, and in so very dark an ambient. 


SIMPL. 


Stay a little; for I just now remember, that I have read in a little modern tract, 
full of many novelties; “That this secondary light is not derived from the Stars, 
nor innate in the Moon, and least of all communicated by the Earth, but that it is 
received from the same illumination of the Sun, The secondary light of the Moon 
caused by the Sun, according to some. which, the substance of the Lunar Globe 
being somewhat transparent, penetrateth thorow all its body; but more livelily 


illuminateth the superficies of the Hemisphere exposed to the rays of the Sun= 
and its profundity imbuing, and (as I may say) swallowing that light, after the 
manner of a cloud or chrystal, transmits it, and renders it visibly lucid. And this 
(if I remember aright) he proveth by Authority, Experience and Reason; citing 
Cleomedes, Vitellion, Macrobius, and a certain other modern Author: and 
adding, That it is seen by experience to shine most in the days nearest the 
Conjunction, that is, when it is horned, and is chiefly bright about its limb. And 
he farther writes, That in the Solar Ecclipses, when it is under the Discus of the 
Sun, it may be seen translucid, and more especially towards its utmost Circle. 
And in the next place, for Arguments, as I think, he saith, That it not being able 
to derive that light either from the Earth, or from the Stars, or from it self, it 
necessarily follows, that it cometh from the Sun. Besides that, if you do but grant 
this supposition, one may easily give convenient reasons for all the particulars 
that occur. For the reason why that secundary light shews more lively towards 
the outmost limb, is, the shortness of the space that the Suns rays hath to 
penetrate, in regard that of the lines which pass through a circle, the greatest is 
that which passeth through the centre, and of the rest, those which are farthest 
from it, are always less than those that are nearer. From the same principle, he 
saith, may be shewn why the said light doth not much diminish. And lastly, by 
this way the cause is assigned whence it comes, that that same more shining 
circle about the utmost edge of the Moon, is seen at the time of the Solar 
Ecclipse, in that part which lyeth just under the Discus of the Sun, but not in that 
which is beside the Discus: which happeneth because the rays of the Sun pass 
directly to our eye, through the parts of the Moon underneath: but as for the parts 
which are besides it, they fall besides the eye.’ 


SALV. 


If this Philosopher had been the first Author of this opinion, I would not wonder 
that he should be so affectionate to it, as to have received it for truth; but 
borrowing it from others, I cannot find any reason sufficient to excuse him for 
not perceiving it fallacies; and especially after he had heard the true cause of 
that effect, and had it in his power to satisfie himself by a thousand experiments, 
and manifest circumstances, that the same proceeded from the reflection of the 
Earth, and from nothing else: and the more this speculation makes something to 
be desired, in the judgment of this Author, and of all those who give no credit to 
it: so much the more doth their not having understood and remembred it, excuse 
those more recess Antients, who, I am very certain, did they now understand it, 
would without the least repugnance admit thereof. And if I may freely tell you 


what I think, I cannot believe but that this Modern doth in his heart believe it; 
but I rather think, that the conceit he should not be the first Author thereof, did a 
little move him to endeavour to suppresse it, or to disparage it at least amongst 
the simple, whose number we know to be very great; and many there are, who 
much more affect the numerous applauds of the people, than the approbation of a 
few not vulgar judgments. 


SAGR. 


Hold good Salviatus, for me thinks, I see that you go not the way to hit the true 
mark in this your discourse, for these thatTendono le parete al commune. 
confound all propriety, know also how to make themselves Authors of others 
Inventions, provided they be not so stale, and publick in the Schools and Market- 
places, as that they are more then notorious to every one. 


SALV. 


Ha! well aimed, you blame me for roving from the point in hand; but what have 
you to do with Schools and Markets? Its all one whether opinions be new to 
men, or men new to opinions. Is it not all one whether opinions and inventions 
be new to men, or the men new to them? If youContestare falsly rendered in the 
Latine Translation contentare. contend about the esteem of the Founders of 
Sciences, which in all times do start up, you may make your self their inventor, 
even to the Alphabet it self, and so gain admiration amongst that illiterate rabble; 
and though in processe of time your craft should be perceived, that would but 
little prejudice your designe; for that others would succeed them in maintaining 
the number of your fautors; but let us return to prove to Simplicius the invalidity 
of the reasons of his modern Author, in which there are several falsities, 
inconsequencies, The secondary light of the Mo n appears in form of a Ring, that 
is to say, bright in the extreme circumference, and not n the midst, and why" and 
incredible Paradoxes. And first, it is false that this secondary light is clearer 
about the utmost limb than in the middle parts, so as to form, as it were, a ring or 
circle more bright than the rest of its space or contence. True it is, indeed, that 
looking on the Moon at the time of twilight, at first sight there is the resemblance 
of such a circle, but by an illusion arising from the diversity of confines that 
bound the Moons Discus, which are confused by means of this secondary light; 
forasmuch as on the part towards the Sun it is bounded by the lucid horns of the 
Moon, and on the other part, its confining term is the obscure tract of the 
twilight; whose relation makes us think the candor of the Moons Discus to be so 


much the clearer; the which happens to be obfuscated in the opposite part, by the 
greater Clarity of the crescents; but if this modern Author had essaied to make an 
interposition between the eye and the primary splendor, The way to observe the 
secondary light of the Moon. by the ridg of some house, or some other screen, so 
as to have left visible only the grose of the Moon, the horns excluded, he might 
have seen it all alike luminous. 


SIMPL, 


I think, now I remember, that he writes of his making use of such another 
Artifice, to hide from us the false lucidum. 


SALV. 


Oh! how is this (as I believed) inadvertency of his, changed into a lie, bordering 
on rashnesse; for that every one may frequently make proof of the contrary. That 
in the next place, The Moons Discus in a solar Eclipse can be seen onely by 
privation. at the Suns Eclipse, the Moons Discus is seen otherwayes than by 
privation, I much doubt, and specially when the Eclipse is not total, as those 
must necessarily have been, which were observed by the Author; but if also he 
should have discovered somewhat of light, this contradicts not, rather favoureth 
our opinion; for that at such a time, the whole Terrestrial Hemisphere 
illuminated by the Sun, is opposite to the Moon, so that although the Moons 
shadow doth obscure a part thereof, yet this is very small in comparison of that 
which remains illuminated. That which he farther adds, that in this case, the part 
of the limb, lying under the Sun, doth appear very lucid, but that which lyeth 
besides it, not so; and that to proceed from the coming of the solar rayes directly 
through that part to the eye, but not through this, is really one of those fopperies, 
which discover the other fictions, of him which relates them: For if it be 
requisite to the making a secondary light visible in the lunar Discus, that the 
rayes of the Sun came directly through it to our eyes, doth not this pitiful 
Philosopher perceive, that we should never see this same secondary light, save 
onely at the Eclipse of the Sun? And if a part onely of the Moon, far lesse than 
half a degree, by being remote from the Suns Discus, can deflect or deviate the 
rayes of the Sun, so that they arrive not at our eye; what shall it do when it is 
distant twenty or thirty degrees, as it is at its first apparition? and what course 
shall the rayes of the Sun keep, which are to passe thorow the body of the Moon, 
that they may find out our eye?The Author of the Book of conclusions, 
accommodates the things to his purposes, and not his purposes to the things. 


This man doth go successively considering what things ought to be, that they 
may serve his purpose, but doth not gradually proceed, accommodating his 
conceits to the things, as really they are. As for instance, to make the light of the 
Sun capable to penetrate the substance of the Moon, he makes her in part 
diaphanous, as is v. g. the transparence of a cloud, or crystal: but I know not 
what he would think of such a transparency, in case the solar rayes were to passe 
a depth of clouds of above two thousand miles; but let it be supposed that he 
should boldly answer, that might well be in the Coelestial, which are quite other 
things from these our Elementary, impure, and feculent bodies; and let us 
convict his error by such wayes, as admit him no reply, or (to say better) subter- 
fuge. If he will maintain, that the substance of the Moon is diaphanous, he must 
say that it is so, whilest that the rayes of the Sun are to penetrate its whole 
profundity, that is, more than two thousand miles; but that if you oppose unto 
them onely one mile, or lesse, they should no more penetrate that, than they 
penetrate one of our mountains. 


SAGR. 


You put me in mind of a man, A jest put upon one that would sell a certain 
secret for holding correspondency with a person a thousand miles off. who 
would have sold me a secret how to correspond, by means of a certain sympathy 
of magnetick needles, with one, that should be two or three thousand miles 
distant; and I telling him, that I would willingly buy the same, but that I desired 
first to see the experiment thereof, and that it did suffice me to make it, I being 
in one Chamber, and he in the next, he answered me, that in so small a distance 
one could not so well perceive the operation; whereupon I turn’d him going, 
telling him, that I had no mind, at that time, to take a journey unto Grand Cairo, 
or to Muscovy, to make the experiment; but that, if he would go himself, I would 
perform the other part, staying in Venice. But let us hear whither the deduction 
of our Author tendeth, and what necessity there is, that he must grant the matter 
of the Moon to be most perforable by the rayes of the Sun, in a depth of two 
thousand miles, but more opacous than one of our mountains, in a thicknesse of 
one mile onely. 


SALV. 


The very mountains of the Moon themselves are a proof thereof, which 
percussed on one side of the Sun, do cast on the contrary side very dark 
shadows, terminate, and more distinct by much, than the shadows of ours; but 


had these mountains been diaphanous, we could never have come to the 
knowledg of any unevennesse in the superficies of the Moon, not have seen 
those luminous montuosities distinguished by the terms which separate the lucid 
parts from the dark: much lesse, should we see this same term so distinct, if it 
were true, that the Suns light did penetrate the whole thicknesse of the Moon; 
yea rather, according to the Authors own words, we should of necessity discern 
the passage, and confine, between the part of the Sun seen, and the part not seen, 
to be very confused, and mixt with light and darknesse; for that that matter 
which admits the passage of the Suns rayes thorow a space of two thousand 
miles, must needs be so transparent, that it would very weakly resist them in a 
hundredth, or lesser part of that thicknesse; neverthelesse, the term which 
separateth the part illuminated from the obscure, is incident, and as distinct, as 
white is distinct from black; and especially where the Section passeth through 
the part of the Moon, that is naturally more clear and montanous; but where the 
old spots do part, which are certain plains, that by means of their spherical 
inclination, receive the rayes of the Sun obliquely, there the term is not so 
distinct, by reason of the more dimme illumination. That, lastly, which he saith, 
how that the secondary light doth not diminish and languish, according as the 
Moon encreaseth, but conserveth it self continually in the same efficacy; is most 
false; nay it is hardly seen in the quadrature, when, on the contrary, it should 
appear more splendid, and be visible after the crepusculum in the dark of night. 
Let us conclude therefore, that the Earths reflection is very strong upon the 
Moon; and that, which you ought more to esteem, we may deduce from thence 
another admirable congruity between the Moon and Earth; namely, The Earth 
may reciprocally operate upon Coelestial bodies, with its light. that if it be true, 
the Planets operate upon the Earth by their motion and light, the Earth may 
probably be no lesse potent in operating reciprocally upon them with the same 
light, and peradventure, motion also. And though it should not move, yet may it 
retain the same operation; because, as it hath been proved already, the action of 
the light is the self same, I mean of the light of the Sun reflected; and motion 
doth nothing, save only vary the aspects, which fall out in the same manner, 
whether we make the Earth move, and the Sun stand still, or the contrary. 


SIMPL. 


None of the Philosophers are found to have said, that these inferiour bodies 
operate on the Coelestial, nay, Aristotle affirmes the direct contrary. 


SALV. 


Aristotle and the rest, who knew not that the Earth and Moon mutually 
illuminated each other, are to be excused; but they would justly deserve our 
censure, if whilest they desire that we should grant and believe with them, that 
the Moon operateth upon the Earth with light, they should deny to us, who have 
taught them that the Earth illuminates the Moon, the operation the Earth hath on 
the Moon. 


SIMPL. 


In short, I find in my self a great unwillingnesse to admit this commerce, which 
you would perswade me to be betwixt the Earth and Moon, placing it, as we say, 
amongst the number of the Stars; for if there were nothing else, the great 
separation and distance between it and the Coelestial bodies, doth in my opinion 
necessarily conclude a vast disparity between them. 


SALV. 


See Simplicius what an inveterate affection and radicated opinion can do, since 
it is so powerful, that it makes you think that those very things favour you, 
which you produce against your self. For if separation and distance are accidents 
sufficient to perswade with you a great diversity of natures, it must follow that 
proximity and contiguity import similitude. Affinity between the Earth & Moon 
in respect of their vicinity. Now how much more neerer is the Moon to the Earth, 
than to any other of the Coelestial Orbs? You must acknowledg therefore, 
according to your own concession (and you shall have other Philosophers bear 
you company) that there is a very great affinity betwixt the Earth and Moon. 
Now let us proceed, and see whether any thing remains to be considered, 
touching those objections which you made against the resemblances that are 
between these two bodies. 


SIMPL. 


It rests, that we say something touching the solidity of the Moon, which I argued 
from its being exquisite smooth and polite, and you from its montuosity. There is 
another scruple also comes into my mind, from an opinion which I have, that the 
Seas reflection ought by the equality of its surface, to be rendered stronger than 
that of the Earth, whose superficies is so rough and opacous. 


SALV. 


As to the first objection; I say, that like as among the parts of the Earth, Solidity 
of the Lunar Globe argued from its being montainous. which all by their gravity 
strive to approach the nearest they can possible to the center, some of them 
alwayes are more remote from it than the rest, as the mountains more than the 
valleys, and that by reason of their solidity and firmnesse (for if they were of 
fluid, they would be even) so the seeing some parts of the Moon to be elevated 
above the sphericity of the lower parts, argueth their hardnesse; for it is probable 
that the matter of the Moon is reduced into a spherical form by the harmonious 
conspiration of all its parts to the same sentense. Touching the second doubt, my 
thinks that the particulars already observed to happen in the Looking-glasses, 
may very well assure us, that the reflection of light comming from the Sea, The 
Seas reflection of light much weaker than that of the Earth. is far weaker than 
that which cometh from Land; understanding it alwayes of the universal 
reflection; for as to that particular, on which the water being calm, casteth upon a 
determinate place, there is no doubt, but that he who shall stand in that place, 
shall see a very great reflection in the water, but every way else he shall see the 
surface of the Water more obscure than that of the Land; An experimen to prove 
the reflection of the Water lesse clear than that of the Land. and to prove it to 
your senses, let us go into yonder Hall, and power forth a little water upon the 
Pavement. Tell me now, doth not this wet brick shew more dull than the other 
dry ones? Doubtlesse it doth, and will so appear, from what place soever you 
behold it, except one onely, and this is that way which the light cometh, that 
entereth in at yonder window; go backwards therefore by a little and a little. 


SIMPL. 


Here I see the west part shine more than all the rest of the pavement, and I see 
that it so hapneth, because the reflection of the light which entereth in at the 
window, cometh towards me. 


SALV. 


That moisture hath done no more but filled those little cavities which are in the 
brick with water, and reduced its superficies to an exact evenesse; whereupon 
the reflex rayes issue unitedly towards one and the same place; but the rest of the 
pavement which is dry, hath its protuberances, that is, an innumerable variety of 
inclinations in its smallest particles; whereupon the reflections of the light scatter 
towards all parts, but more weakly than if they had gone all united together; and 
therefore, the same sheweth almost all alike, beheld several wayes, but far lesse 


clear than the moistned brick. I conclude therefore, that the surface of the Sea, 
beheld from the Moon, in like manner, as it would appear most equal, (the 
Islands and Rocks deducted) so it would shew lesse clear than that of the Earth, 
which is montanous and uneven. And but that I would not seem, as the saying is, 
to harp too much on one string, I could tell you that I have observed in the Moon 
that secondary light which I told you came to her from the reflection of the 
Terrestrial Globe, to be notably more clear two or three dayes before the 
conjunction, The secondary light of the Moon clearer before the conjunction, 
than after. than after, that is, when we see it before break of day in the East, than 
when it is seen at night after Sun-set in the West; of which difference the cause 
is, that the Terrestrial Hemisphere, which looks towards the Eastern Moon, hath 
little Sea, and much Land, to wit, all Asia, whereas, when it is in the West, it 
beholds very great Seas, that is, the whole Atlantick Ocean as far as America: 
An Argument sufficiently probable that the surface of the water appears lesse 
splendid than that of the Earth. 


SIMPL. 


So that perhaps you believe, those great spots discovered in the face of the 
Moon, to be Seas, and the other clearer parts to be Land, or some such thing? 


SALV. 


This which you ask me, is the beginning of those incongruities which I esteem to 
be between the Moon and the Earth, out of which it is time to dis-ingage our 
selves, for we have stayed too long in the Moon. I say therefore, that if there 
were in nature but one way onely, to make two superficies illustrated by the Sun, 
to appear one more clear than the other, and that this were by the being of the 
one Earth, and the other Water; it would be necessary to say that the surface of 
the Moon were part earthy and part aquatick; but because we know many wayes 
to produce the same effect (and others there may be which we know not of;) 
therefore I dare not affirm the Moon to consist of one thing more than another: It 
hath been seen already that a silver plate boiled, being toucht with the 
Burnisher, becometh of white obscure; that the moist part of the Earth shews 
more obscure than the dry; that in the tops of Hills, the woody parts appear more 
gloomy than the naked and barren; which hapneth because there falleth very 
much shadow among the Trees, but the open places are illuminated all over by 
the Sun. And this mixtion of shadow hath such operation, that in tufted velvet, 
the silk which is cut, is of a far darker colour than that which is not cut, by 


means of the shadows diffused betwixt thred and thred, and a plain velvet shews 
much blacker than a Taffata, made of the same silk. So that if there were in the 
Moon things which should look like great Woods, their aspect might represent 
unto us the spots which we discover; alike difference would be occasioned, if 
there were Seas in her: and lastly, nothing hindreth, but that those spots may 
really be of an obscurer colour than the rest; for thus the snow makes the 
mountains shew brighter. The obscurer parts of the Moon are plains, and the 
more bright mountainous. That which is plainly observed in the Moon is, that its 
most obscure parts are all plains, with few rises and bancks in them; though 
some there be; the rest which is of a brighter colour, is all full of rocks, 
mountains, hillocks of spherical and other figures; and in particular, round about 
the spots are very great ledges of mountains. Long ledges of mountains about the 
spots of the Moon. That the spots be plain superficies, we have assured proof, in 
that we see, how that the term which distinguisheth the part illuminated from the 
obscure, in crossing the spots makes the intersection even, but in the clear parts 
it shews all craggy and shagged. But I know not as yet whether this evennesse of 
superficies may be sufficient of it self alone, to make the obscurity appear, and I 
rather think not. Besides, I account the Moon exceeding different from the Earth; 
for although I imagine to my self that those are not idle and dead Regions, There 
are not generated in the Moon things like to ours, but if there be any productions, 
they are very different. yet I affirm not, that there are in them motion and life, 
much less that there are bred plants, animals or other things like to ours; but, if 
such there be, they should nevertheless be very different, and remote from our 
imagination. And I am induced so to think, because in the first place, I esteem 
that the matter of the Lunar Globe consists not of Earth and Water; and this 
alone sufficeth to take away the generations and alterations resembling ours: The 
Moon not composed of Water and Earth. but now supposing that there were in 
the Moon, Water and Earth, yet would they not produce plants and animals like 
to ours; Those aspects of the Sun necessary for our generations, are not so in the 
Moon. and this for two principal reasons: The first is, that unto our productions 
there are required so many variable aspects of the Sun, that without them they 
would all miscarry: now the habitudes of the Sun towards the Earth are far 
different from those towards the Moon. We as to the diurnal illumination, have, 
in the greater part of the Earth, every twenty four hours part day, and part night, 
which effect in the Moon is monethly: and that annual declination and elevation 
of the Sun in the Zodiack, Natural dayes in the Moon are of a Moneth long. by 
which it produceth diversity of Seasons, and inequality of dayes and nights, are 
finished in the Moon in a moneth; and whereas the Sun to us riseth and declineth 
so much, To the Moon the Sun ascendeth and declineth with a difference of ten 


degrees, and to the Earth of forty seven degrees. that from the greatest to the 
least altitude, there is a difference of almost 47 degrees, for so much is the 
distance from one to the other Tropick; this is in the Moon but ten degrees only, 
or little more; namely, as much as the greatest Latitudes of the Dragon on each 
side the Ecliptick. Now consider what effect the Sun would have in the torrid 
Zone, should it continually for fifteen dayes together beam forth its Rayes upon 
it; which without all question would destroy plants, herbs, and living creatures: 
and if it should chance that there were any production, it would be of herbs, 
plants, and creatures very different from those which are now there. There are no 
rains in the Moon. Secondly, I verily believe that in the Moon there are no rains, 
for if Clouds should gather in any part thereof, as they do about the Earth, they 
would thereupon hide from our sight some of those things, which we with the 
Telescope behold in the Moon, and in a word, would some way or other change 
its Phaenomenon, an effect which I could never by long and diligent 
observations discover; but alwayes beheld it in a even and pure serenity. 


SAGR. 


To this may be answered, either that there might be great mists, or that it might 
rain in the time of their night, that is, when the Sun doth not illuminate it. 


SALV. 


If other passages did but assure us, that there were generations in it like to ours, 
and that there was onely wanting the concourse of rains, we might find out this, 
or some other temperament to serve instead thereof, as it happens in Egypt by 
the inundation of Nile: but not meeting with any accident, which corresponds 
with ours, of many that have been sought out for the production of the like 
effects, we need not trouble our selves to introduce one alone; and that also, not 
because we have certain observation of it, but for a bare non-repugnance that we 
find therein. Moreover, if I was demanded what my first apprehension, and pure 
natural reason dictated to me concerning the production of things like or unlike 
there above, I would alwayes reply, that they are most different, and to us 
altogether unimaginable, for so me thinks the riches of Nature, and the 
omnipotence of our Creator and Governour, do require. 


SAGR. 


I ever accounted extraordinary madnesse that of those, who would make humane 
comprehension the measure of what nature hath a power or knowledge to effect; 
whereas on the contrary there is not any the least effect in Nature, The having a 
perfect knowledg of nothing, maketh some believe they understand all things. 
which can be fully understood by the most speculative wits in the world. This 
their so vain presumption of knowing all, can take beginning from nothing, 
unlesse from their never having known any thing; for if one hath but once onely 
experienced the perfect knowledg of one onely thing, and but truly tasted what it 
is to know, he shall perceive that of infinite other conclusions, he understands 
not so much as one. 


SALV. 


Your discourse is very concluding; in confirmation of which we have the 
example of those who understand, or have known some thing, which the more 
knowing they are, the more they know, and freely confesse that they know little; 
nay, the wisest man in all Greece, and for such pronounced by the Oracle, 
openly professed to know that he knew nothing. 


SIMPL. 


It must be granted therefore, either that Socrates or that the Oracle it self was a 
lyar, that declaring him to be most wise, and he confessing that he knew himself 
to be most ignorant. 


SALV. 


Neither one nor the other doth follow, The answer of the Oracle true in judging 
Socrates the wisest of his time. for that both the assertions may be true. The 
Oracle adjudged Socrates the wisest of all men, whose knowledg is limited; 
Socrates acknowledgeth that he knew nothing in relation to absolute wisdome, 
which is infinite; and because of infinite, much is the same part, as is little, and 
as is nothing (for to arrive v. g. to the infinite number, it is all one to accumulate 
thousands, tens, or ciphers,) therefore Socrates well perceived his wisdom to be 
nothing, in comparison of the infinite knowledg which he wanted. But yet, 
because there is some knowledg found amongst men, and this not equally shared 
to all, Socrates might have a greater share thereof than others, and therefore 
verified the answer of the Oracle. 


SAGR. 


I think I very well understand this particular amongst men, Simplicius there is a 
power of operating, but not equally dispensed to all; and it is without question, 
that the power of an Emperor is far greater than that of a private person; but, 
both this and that are nothing in comparison of the Divine Omnipotence. 
Amongst men, there are some that better understand Agriculture than many 
others; but the knowledg of planting a Vine in a trench, what hath it to do with 
the knowledg of making it to sprout forth, to attract nourishment, to select this 
good part from that other, for to make thereof leaves, another to make sprouts, 
another to make grapes, another to make raisins, another to make the huskes of 
them, which are the works of most wise Nature? This is one only particular act 
of the innumerable, which Nature doth, Divine Wisdom infinitely infinite. and in 
it alone is discovered an infinite wisdom, so that Divine Wisdom may be 
concluded to be infinitely infinite. 


SALV. 


Take hereof another example. Do we not say that the judicious discovering of a 
most lovely Statua in a piece of Marble, hath sublimated the wit of Buonarruotti 
far above the vulgar wits of other men?Buonarruotti, a statuary of admirable 
ingenitity. And yet this work is onely the imitation of a meer aptitude and 
disposition of exteriour and superficial members of an immoveable man; but 
what is it in comparison of a man made by nature, composed of as many 
exteriour and interiour members, of so many muscles, tendons, nerves, bones, 
which serve to so many and sundry motions? but what shall we say of the senses, 
and of the powers of the soul, and lastly, of the understanding? May we not say, 
and that with reason, that the structure of a Statue fals far short of the formation 
of a living man, yea more of a contemptible worm? 


SAGR. 


And what difference think you, was there betwixt the Dove of Architas, and one 
made by Nature? 


SIMPL. 


Either I am none of these knowing men, or else there is a manifest contradiction 
in this your discourse. You account understanding amongst the greatest (if you 
make it not the chief of the) Encomiums ascribed to man made by Nature, and a 
little before you said with Socrates, that he had no knowledg at all; therefore you 


must say, that neither did Nature understand how to make an understanding that 
understandeth. 


SALV. 


You argue very cunningly, but to reply to your objection I must have recourse to 
a Philosophical distinction, and say that the understanding is to be taken too 
ways, Man understandeth very well intensivè, but little extensivè. that is 
intensive, or extensive; and that extensive, that is, as to the multitude of 
intelligibles, which are infinite, the understanding of man is as nothing, though 
he should understand a thousand propositions; for that a thousand, in respect of 
infinity is but as a cypher: but taking the understanding intensive, (in as much as 
that term imports) intensively, that is, perfectly some propositions, I say, that 
humane wisdom understandeth some propositions so perfectly, and is as 
absolutely certain thereof, as Nature her self; and such are the pure Mathematical 
sciences, to wit, Geometry and Arithmetick: in which Divine Wisdom knows 
infinite more propositions, because it knows them all; but I believe that the 
knowledge of those few comprehended by humane understanding, equalleth the 
divine, as to the certainty objectivé, for that it arriveth to comprehend the 
necessity thereof, than which there can be no greater certainty. 


SIMPL. 
This seemeth to me a very bold and rash expression. 
SALV. 


These are common notions, and far from all umbrage of temerity, or boldness, 
and detract not in the least from the Majesty of divine wisdom; as it nothing 
diminisheth the omnipotence thereof to say, that God cannot make what is once 
done, to be undone: but I doubt, Simplicius, that your scruple ariseth from an 
opinion you have, that my words are somewhat equivocal; therefore the better to 
express my self I say, that as to the truth, of which Mathematical demonstrations 
give us the knowledge, it is the same, which the divine wisdom knoweth; but this 
I must grant you, G ds manner of knowing different from that of men. that the 
manner whereby God knoweth the infinite propositions, of which we understand 
some few, is highly more excellent than ours, Humane understanding done by 
raciocination. which proceedeth by ratiocination, and passeth from conclusion to 
conclusion, whereas his is done at one single thought or intuition; and whereas 


we, for example, to attain the knowledg of some passion of the Circle, which 
hath infinite, beginning from one of the most simple, and taking that for its 
definition, do proceed with argumentation to another, and from that to a third, 
and then to a fourth, &c. the Divine Wisdom, by the apprehension of its essence 
comprehends, without temporary raciocination, all these infinite passions; which 
notwithstanding, are in effect virtually comprised in the definitions of all things; 
Definitions contein virtually all the passions of the things defined. and, to 
conclude, as being infinite, perhaps are but one alone in their nature, and in the 
Divine Mind; the which neither is wholly unknown to humane understanding, 
Infinite Passions are perhaps but one onely. but onely be-clouded with thick and 
grosse mists; which come in part to be dissipated and clarified, when we are 
made Masters of any conclusions, firmly demonstrated, and so perfectly made 
ours, as that we can speedily run through them; for in sum, what other, is that 
proposition, that the square of the side subtending the right angle in any triangle, 
is equal to the squares of the other two, which include it, but onely the 
Paralellograms being upon common bases, and between parallels equal amongst 
themselves? and this, lastly, is it not the same, as to say that those two 
superficies are equal, of which equal parts applyed to equal parts, The discourses 
which humane reason makes in a certain time, the Divine Wisdom resolveth in a 
moment; that is, hath them alwayes present. possesse equal place? Now these 
inferences, which our intellect apprehendeth with time and a gradual motion, the 
Divine Wisdom, like light, penetrateth in an instant, which is the same as to say, 
hath them alwayes present: I conclude therefore, that our understanding, both as 
to the manner and the multitude of the things comprehended by us, is infinitely 
surpast by the Divine Wisdom; but yet I do not so vilifie it, as to repute it 
absolutely nothing; yea rather, when I consider how many and how great 
misteries men have understood, discovered, and contrived, I very plainly know 
and understand the mind of man to be one of the works, yea one of the most 
excellent works of God. 


SAGR. 


I have oft times considered with my self, The wit of man admirably acute. in 
pursuance of that which you speak of, how great the wit of man is; and whil’st I 
run thorow such and so many admirable inventions found out by him, as well in 
the Arts, as Sciences; and again reflecting upon my own wit, so far from 
promising me the discovery of any thing new, that I despair of comprehending 
what is already discovered, confounded with wonder, and surprised with 
desperation, I account my self little lesse than miserable. If I behold a Statue of 


some excellent Master, I say with my self; When wilt thou know how to chizzle 
away the refuse of a piece of Marble, and discover so lovely a figure, as lyeth 
hid therein? When wilt thou mix and spread so many different colours upon a 
Cloth, or Wall, and represent therewith all visible objects, like a Michael 
Angelo, a Raphaello, or a Tizvano? If I behold what inventions men have in 
comparting Musical intervals, in establishing Precepts and Rules for the 
management thereof with admirable delight to the ear: When shall I cease my 
astonishment? What shall I say of such and so various Instruments of that Art? 
The reading of excellent Poets, with what admiration doth it swell any one that 
attentively considereth the invention of conceits, and their explanation? What 
shall we say of Architecture? What of Navigation?The invention of writing 
stupendious above all others. But, above all other stupendious inventions, what 
sublimity of mind was that in him, that imagined to himself to find out a way to 
communicate his most secret thoughts to any other person, though very far 
distant from him either in time, or place, speaking with those that are in the 
India’s; speaking to those that are not yet born, nor shall be this thousand, or ten 
thousand years? and with how much facility? but by the various collocation 
ofFor of so many only the Italian Alphabet consists. twenty little letters upon a 
paper? Let this be the Seal of all the admirable inventions of man, and the close 
of our Discourse for this day: For the warmer hours being past, I suppose that 
Salviatus hath a desire to go and take the air in his Gondelo; but too morrow we 
will both wait upon you, to continue the Discourses we have begun, &c. 


THE SECOND DIALOGUE. 


INTERLOCVTORS. SALVIATUS, SAGREDUS, and SIMPLICIUS. 
SALV. 


THE yesterdayes diversions which led us out of the path of our principal 
discourse, were such and so many, that I know not how I can without your 
assistance recover the track in which I am to proceed. 


SAGR. 


I wonder not, that you, who have your fancy charged and laden with both what 
hath been, and is to be spoken, do find your self in some confusion; but I, who as 
being onely an Auditor, have nothing to burthen my memory withal, but such 
things as I have heard, may haply by a succinct rehearsal of them, recover the 
first thred of our Discourse. As far therefore as my memory serves me, the sum 
of yesterdayes conferences were an examination of the Principles of Ptolomy 
and Copernicus, and which of their opinions is the more probable and rational; 
that, which affirmeth the substance of the Coelestial bodies to be ingenerable, 
incorruptible, unalterable, impassible, and in a word, exempt from all kind of 
change, save that of local, and therefore to be a fifth essence, quite different 
from this of our Elementary bodies, which are generable, corruptible, alterable, 
&c. or else the other, which taking away such deformity from the parts of the 
World, holdeth the Earth to enjoy the same perfections as the other integral 
bodies of the universe; and esteemeth it a moveable and erratick Globe, no lesse 
than the Moon, Jupiter, Venus, or any other Planet: And lastly, maketh many 
particular parallels betwixt the Earth and Moon; and more with the Moon, than 
with any other Planet; haply by reason we have greater and more certain notice 
of it, as being lesse distant from us. And having, lastly, concluded this second 
opinion to have more of probability with it than the first, I should think it best in 
the subsequent discourses to begin to examine whether the Earth be esteemed 
immoveable, as it hath been till now believed by most men, or else moveable, as 
some ancient Philosophers held, and others of not very recesse times, were of 
opinion; and if it be moveable, to enquire of what kind its motion may be? 


SALV. 


I see already what way I am to take; but before we offer to proceed any farther, I 
am to say something to you touching those last words which you spake, how that 
the opinion which holds the Earth to be endued with the same conditions that the 
Coelestial bodies enjoy, seems to be more true than the contrary; for that I 
affirmed no such thing, nor would I have any of the Propositions in controversie, 
be made to speak to any definitive sense: but I onely intended to produce on 
either part, those reasons and answers, arguments and solutions, which have 
been hitherto thought upon by others, together with certain others, which I have 
stumbled upon in my long searching thereinto, alwayes remitting the decision 
thereof to the judgment of others. 


SAGR. 


I was unawares transported by my own sense of the thing; and believing that 
others ought to judg as I did, I made that conclusion universal, which should 
have been particular; and therefore confesse I have erred, and the rather, in that I 
know not what Simplicius his judgment is in this particular. 


SIMPL. 


I must confesse, that I have been ruminating all this night of what past yesterday, 
and to say the truth, I meet therein with many acute, new, aud plausible notions; 
yet nevertheless, I find my self over-perswaded by the authority of so many great 
Writers, and in particular — &c. I see you shake your head Sagredus, and smile 
to your self, as if I had uttered some great absurdity. 


SAGR. 


I not onely smile, but to tell you true, am ready to burst with holding in my self 
from laughing outright, for you have put me in mind of a very pretty passage, 
that I was a witnesse of, not many years since, together with some others of my 
worthy friends, which I could yet name unto you. 


SALV. 


It would be well that you told us what it was, that so Simplicius may not still 
think that he gave you the occasion of laughter. 


SAGR. 


I am content. I found one day, at home in his house, at Venice, a famous 
Phisician, to whom some flockt for their studies, and others out of curiosity, 
sometimes came thither to see certain Anatomies diffected by the hand of a no 
lesse learned, than careful and experienced Anatomist. The original of the 
Nerves according to Aristotle, and according to Phisicians. It chanced upon that 
day, when I was there, that he was in search of the original and rise of the 
Nerves, about which there is a famous controversie between the Galenists and 
Peripateticks; and the Anatomist shewing, how that the great number of Nerves 
departing from the Brain, as their root, and passing by the nape of the Neck, 
distend themselves afterwards along by the Back-bone, and branch themselves 
thorow all the Body; and that a very small filament, as fine as a thred went to the 
Heart; he turned to a Gentleman whom he knew to be a Peripatetick Philosopher, 
and for whose sake he had with extraordinary exactnesse, discovered and proved 
every thing, and demanded of him, if he was at length satisfied and perswaded 
that the original of the Nerves proceeded from the Brain, and not from the 
Heart?The ridiculous answer of a Philosopher, determining the original of the 
Nerves. To which the Philosopher, after he had stood musing a while, answered; 
you have made me to see this businesse so plainly and sensibly, that did not the 
Text of Aristotle assert the contrary, which positively affirmeth the Nerves to 
proceed from the Heart, I should be constrained to confesse your opinion to be 
true. 


SIMPL. 


I would have you know my Masters, that this controversie about the original of 
the Nerves is not yet so proved and decided, as some may perhaps perswade 
themselves. 


SAGR. 


Nor questionlesse ever shall it be, if it find such like contradictors; but that 
which you say, doth not at all lessen the extravagance of the answer of that 
Peripatetick, who against such sensible experience produced not other 
experiments, or reasons of Aristotle, but his bare authority and pure ipse dixit. 


SIMPL. 


Aristotle had not gained so great authority, but for the force of his 
Demonstrations, and the profoundnesse of his arguments; but it is requisite that 


we understand him, and not onely understand him, but have so great familiarity 
with his Books, that we form a perfect Idea thereof in our minds, so as that every 
saying of his may be alwayes as it were, present in our memory for he did not 
write to the vulgar, nor is he obliged to spin out his Sillogismes with the trivial 
method of disputes; nay rather, using a freedome, he hath sometimes placed the 
proof of one Proposition amongst Texts, which seem to treat of quite another 
point; Requisites to fit a man to philosophate well after the manner of Aristotle. 
and therefore it is requisite to be master of all that vast Idea, and to learn how to 
connect this passage with that, and to combine this Text with another far remote 
from it; for it is not to be questioned but that he who hath thus studied him, 
knows how to gather from his Books the demonstrations of every knowable 
deduction, for that they contein all things. 


SAGR. 


But good Simplicius, like as the things scattered here and there in Aristotle, give 
you no trouble in collecting them, but that you perswade your self to be able by 
comparing and connecting several small sentences to extract thence the juice of 
some desired conclusion, A cunning way to gather Philosophy out of any book 
whatsoever. so this, which you and other egregious Philosophers do with the 
Text of Aristotle, I could do by the verses of Virgil, or of Ovid, composing 
thereofA word signifying works composed of many fragments of verses 
collected out of the Poets. Centones, and therewith explaining all the affairs of 
men, and secrets of Nature. But what talk I of Virgil, or any other Poet? I have a 
little Book much shorter than Aristotle and Ovid, in which are conteined all the 
Sciences, and with very little study, one may gather out of it a most perfect Idea, 
and this is the Alphabet; and there is no doubt but that he who knows how to 
couple and dispose aright this and that vowel, with those, or those other 
consonants, may gather thence the infallible answers to all doubts, and deduce 
from them the principles of all Sciences and Arts, just in the same manner as the 
Painter from divers simple colours, laid severally upon his Pallate, proceedeth by 
mixing a little of this and a little of that, with a little of a third, to represent to the 
life men, plants, buildings, birds, fishes, and in a word, counterfeiting what ever 
object is visible, though there be not on the Pallate all the while, either eyes, or 
feathers, or fins, or leaves, or stones. Nay, farther, it is necessary, that none of 
the things to be imitated, or any part of them, be actually among colours, if you 
would be able therewith to represent all things; for should there be amongst them 
v. gr. feathers, these would serve to represent nothing save birds, and plumed 
creatures. 


SALV. 


And there are certain Gentlemen yet living, and in health, who were present, 
when a Doctor, that was Professor in a famous Academy, Invention of the 
Telescope taken from Aristotle. hearing the description of the Telescope, by him 
not seen as then, said, that the invention was taken from Aristotle, and causing 
his works to be fetch’t, he turned to a place where the Philosopher gives the 
reason, whence it commeth, that from the bottom of a very deep Well, one may 
see the stars in Heaven, at noon day; and, addressing himself to the company, 
see here, saith he, the Well, which representeth the Tube, see here the gross 
vapours, from whence is taken the invention of the Crystals, and see here lastly 
the sight fortified by the passage of the rays through a diaphanous, but more 
dense and obscure medium. 


SAGR. 


This is a way to comprehend all things knowable, much like to that wherewith a 
piece of marble conteineth in it one, yea, a thousand very beautiful Statua’s, but 
the difficulty lieth in being able to discover them; or we may say, that it is like to 
the prophesies of Abbot Joachim, or the answers of the Heathen Oracles, which 
are not to be understood, till after the things fore-told are come to passe. 


SALV. 


And why do you not adde the predictions of the Genethliacks, which are with 
like cleernesse seen after the event, in their Horoscopes, or, if you will, 
Configurations of the Heavens. 


SAGR. 


In this manner the Chymists find, Chymists interpret the Fables of the Poets to 
be secrets for making of Gold. being led by their melancholly humour, that all 
the sublimest wits of the World have writ of nothing else in reality, than of the 
way to make Gold; but, that they might transmit the secret to posterity without 
discovering it to the vulgar, they contrived some one way, and some another 
how to conceal the same under several maskes; and it would make one merry to 
hear their comments upon the ancient Poets, finding out the important misteries, 
which lie hid under their Fables; and the signification of the Loves of the Moon, 
and her descending to the Earth for Endimion; her displeasure against Acteon, 
and what was meant by Jupiters turning himself into a showre of Gold; and into 


flames of fire; and what great secrets of Art are conteined in that Mercury the 
Interpreter; in those thefts of Pluto; and in those Branches of Gold. 


SIMPL. 


I believe, and in part know, that there want not in the World very extravagant 
heads, the vanities of whom ought not to redound to the prejudice of Aristotle, of 
whom my thinks you speak sometimes with too little respect, and the onely 
antiquity and bare name that he hath acquired in the opinions of so many famous 
men, should suffice to render him honourable with all that professe themselves 
learned. 


SALV. 


You state not the matter rightly, Simplicius; There are some of his followers that 
fear before they are in danger, who give us occasion, or, to say better, would 
give us cause to esteem him lesse, Some of Aristotles Sectators impare the 
reputation of their Master, in going about to enhanse it. should we consent to 
applaud their Capricio’s. And you, pray you tell me, are you for your part so 
simple, as not to know that had Aristotle been present, to have heard the Doctor 
that would have made him Author of the Telescope, he would have been much 
more displeased with him, than with those, who laught at the Doctor and his 
Comments? Do you question whether Aristotle, had he but seen the novelties 
discovered in Heaven, would not have changed his opinion, amended his Books, 
and embraced the more sensible Doctrine; rejecting those silly Gulls, which too 
scrupulously go about to defend what ever he hath said; not considering, that if 
Aristotle were such a one as they fancy him to themselves, he would be a man of 
an untractable wit, an obstinate mind, a barbarous soul, a stubborn will, that 
accounting all men else but as silly sheep, would have his Oracles preferred 
before the Senses, Experience, and Nature her self? They are the Sectators of 
Aristotle that have given him this Authority, and not he that hath usurped or 
taken it upon him; and because it is more easie for a man to sculk under anothers 
shield than to shew himself openly, they tremble, and are affraid to stir one step 
from him; and rather than they will admit some alterations in the Heaven of 
Aristotle, they will impertinently deny those they behold in the Heaven of 
Nature. 


SAGR. 


These kind of Drolleries put me in mind of that Statuary which having reduced a 
great piece of Marble to the Image of an Hercules, A ridiculous passage of a 
certain Statuary. or a thundring Jupiter, I know not whether, and given it with 
admirable Art such a vivacity and threatning fury, that it moved terror in as 
many as beheld it; he himself began also to be affraid thereof, though all its 
sprightfulnesse, and life was his own workmanship; and his affrightment was 
such, that he had no longer the courage to affront it with his Chizzels and Mallet. 


SALV. 


I have many times wondered how these nice maintainers of what ever fell from 
Aristotle, are not aware how great a prejudice they are to his reputation and 
credit; and how that the more they go about to encrease his Authority, the more 
they diminish it; for whilest I see them obstinate in their attempts to maintain 
those Propositions which I palpably discover to be manifestly false; and in their 
desires to perswade me that so to do, is the part of a Philosopher; and that 
Aristotle himself would do the same, it much abates in me of the opinion that he 
hath rightly philosophated about other conclusions, to me more abstruse: for if I 
could see them concede and change opinion in a manifest truth, I would believe, 
that in those in which they should persist, they may have some solid 
demonstrations to me unknown, and unheard of. 


SAGR. 


Or when they should be made to see that they have hazarded too much of their 
own and Aristotle’s repuatation in confessing, that they had not understood this 
or that conclusion found out by some other man; would it not be a less evil for 
them to seek for it amongst his Texts, by laying many of them together, 
according to the art intimated to us by Simplicius? for if his works contain all 
things knowable, it must follow also that they may be therein discovered. 


SALV. 


Good Sagredus, make no jest of this advice, which me thinks you rehearse in too 
Ironical a way; for it is not long since that a very eminent Philosopher having 
composed a Book de animà, wherein, citing the opinion of Aristotle, about its 
being or not being immortal, he alledged many Texts, (not any of those 
heretofore quoted by Alexander ab Alexandro: for in those he said, that Aristotle 
had not so much as treated of that matter, much less determined any thing 


pertaining to the same, but others) by himself found out in other more abstruse 
places, which tended to an erroneous sense: and being advised, that he would 
find it an hard matter to get a Licence from the Inquisitors, A brave resolution of 
a certain Peripatetick Philosopher. he writ back unto his friend, that he would 
notwithstanding, with all expedition procure the same, for that if no other 
obstacle should interpose, he would not much scruple to change the Doctrine of 
Aristotle, and with other expositions, and other Texts to maintain the contrary 
opinion, which yet should be also agreeable to the sense of Aristotle. 


SAGR. 


Oh most profound Doctor, this! that can command me that I stir not a step from 
Aristotle, but will himself lead him by the nose, and make him speak as he 
pleaseth. See how much it importeth to learn to take Time by the Fore-top. Nor 
is it seasonable to have to do with Hercules, whil’st he is enraged, and amongst 
the Furies, but when he is telling merry tales amongst the Meonion Damosels. 
The servile spirit of some of Aristotles followers. Ah, unheard of sordidnesse of 
servile souls! to make themselves willing slaves to other mens opinions; to 
receive them for inviolable Decrees, to engage themselves to seem satisfied and 
convinced by arguments, of such efficacy, and so manifestly concludent, that 
they themselves cannot certainly resolve whether they were really writ to that 
purpose, or serve to prove that assumption in hand, or the contrary. But, which is 
a greater madnesse, they are at variance amongst themselves, whether the 
Author himself hath held the affirmative part, or the negative. What is this, but 
to make an Oracle of a Log, and to run to that for answers, to fear that, to 
reverence and adore that? 


SIMPL. 


But in case we should recede from Aristotle, who have we to be our Guid in 
Philosophy? Name you some Author. 


SALV. 


We need a Guid in unknown and uncouth wayes, but in champion places, and 
open plains, the blind only stand in need of a Leader; and for such, it is better 
that they stay at home. But he that hath eyes in his head, and in his mind, him 
should a man choose for his Guid. Too close adhering to Aristotle is blameable. 
Yet mistake me not, thinking that I speak this, for that I am against hearing of 


Aristotle; for on the contrary, I commend the reading, and diligently studying of 
him; and onely blame the servile giving ones self up a slave unto him, so, as 
blindly to subscribe to what ever he delivers, and without search of any farther 
reason thereof, to receive the same for an inviolable decree. Which is an abuse, 
that carrieth with it another great inconvenience, to wit, that others will no 
longer take pains to understand the validity of his Demonstrations. And what is 
more shameful, than in the middest of publique disputes, whilest one person is 
treating of demonstrable conclusions, to hear another interpose with a passage of 
Aristotle, and not seldome writ to quite another purpose, and with that to stop the 
mouth of his opponent? But if you will continue to study in this manner, I would 
have you lay aside the name of Philosophers; and call your selves either 
Historians or Doctors of Memory, It is not just, that those who never 
philosophate, should surp the title of Philosophers. for it is not fit, that those who 
never philosophate, should usurp the honourable title of Philosophers. But it is 
best for us to return to shore, and not lanch farther into a boundlesse Gulph, out 
of which we shall not be able to get before night. Therefore Simplicius, come 
either with arguments and demonstrations of your own, or of Aristotle, and bring 
us no more Texts and naked authorities, The Sensible World. for our disputes are 
about the Sensible World, and not one of Paper. And forasmuch as in our 
discourses yesterday, we retriev’d the Earth from darknesse, and exposed it to 
the open skie, shewing, that the attempt to enumerate it amongst those which we 
call Coelestial bodies, was not a position so foil’d, and vanquish’t, as that it had 
no life left in it; it followeth next, that we proceed to examine what probability 
there is for holding of it fixt, and wholly immoveable, scilicet as to its entire 
Globe, what likelihood there is for making it moveable with some motion, and of 
what kind that may be. And forasmuch as in this same question I am ambiguous, 
and Simplicius is resolute, as likewise Aristotle for the opinion of its immobility, 
he shall one by one produce the arguments in favour of their opinion, and I will 
alledge the answers and reasons on the contrary part; and next Sagredus shall tell 
us his thoughts, and to which side he finds himself inclined. 


SAGR. 


Content; provided alwayes that I may reserve the liberty to my self of alledging 
what pure natural reason shall sometimes dictate to me. 


SALV. 


Nay more, it is rhat which I particularly beg of you; for, amongst the more easie, 
and, to so speak, material considerations, I believe there are but few of them that 
have been omitted by Writers, so that onely some of the more subtle, and remote 
can be desired, or wanting; and to investigate these, what other ingenuity can be 
more fit than that of the most acute and piercing wit of Sagredus? 


SAGR. 


I am what ever pleaseth Salviatus, but I pray you, let us not sally out into another 
kind of digression complemental; for at this time I am a Philosopher, and in the 
Schools, not in the Court. 


SALV. 


Let our contemplation begin therefore with this consideration, that whatsoever 
motion may be ascribed to the Earth, it is necessary that it be to us, (as 
inhabitants upon it, and consequently partakers of the same) altogether 
imperceptible, and as if it were not at all, so long as we have regard onely to 
terrestrial things; The motions of the Earth are imperceptible to its inhabitants. 
but yet it is on the contrary, as necessary that the same motion do seem common 
to all other bodies, and visible objects, that being separated from the Earth, 
participate not of the same. So that the true method to find whether any kind of 
motion may be ascribed to the Earth, and that found, to know what it is, is to 
consider and observe if in bodies separated from the Earth, The Earth can have 
no other motions, than those which to us appear commune to all the rest of the 
Vniverse, the Earth excepted. one may discover any appearance of motion, 
which equally suiteth to all the rest; for a motion that is onely seen, v. gr. in the 
Moon, and that hath nothing to do with Venus or Jupiter, or any other Stars, 
cannot any way belong to the Earth, or to any other save the Moon alone. Now 
there is a most general and grand motion above all others, and it is that by which 
the Sun, the Moon, The Diurnal Motion, seemeth commune to all the Vniverse, 
save onely the Earth excepted. the other Planets, and the Fixed Stars, and in a 
word, the whole Universe, the Earth onely excepted, appeareth in our thinking to 
move from the East towards the West, in the space of twenty four hours; and 
this, as to this first appearance, hath no obstacle to hinder it, that it may not 
belong to the Earth alone, as well as to all the World besides, the Earth excepted; 
for the same aspects will appear in the one position, as in the other. Hence it is 
that Aristotle and Ptolomy, Aristotle and Ptolomy argue against the Diurnal 
Motion attributed to the Earth. as having hit upon this consideration, in going 


about to prove the Earth to be immoveable, argue not against any other than this 
Diurnal Motion; save onely that Aristotle hinteth something in obscure terms 
against another Motion ascribed to it by an Ancient, of which we shall speak in 
its place. 


SAGR. 


I very well perceive the necessity of your illation: but I meet with a doubt which 
I know not how to free my self from, and this it is, That Copernicus assigning to 
the Earth another motion beside the Diurnal, which, according to the rule even 
now laid down, ought to be to us, as to appearance, imperceptible in the Earth, 
but visible in all the rest of the World; me thinks I may necessarily infer, either 
that he hath manifestly erred in assigning the Earth a motion, to which there 
appears not a general correspondence in Heaven; or else that if there be such a 
congruity therein, Ptolomy on the other hand hath been deficient in not confuting 
this, as he hath done the other. 


SALV. 


You have good cause for your doubt: and when we come to treat of the other 
Motion, you shall see how far Copernicus excelled Ptolomey in clearness and 
sublimity of wit, in that he saw what the other did not, I mean the admirable 
harmony wherein that Motion agreed with all the other Coelestial Bodies. But 
for the present we will suspend this particular, and return to our first 
consideration; touching which I will proceed to propose (begining with things 
more general) those reasons which seem to favour the mobility of the Earth, 
Why the diurnal motion more probably should belong to the Earth, than to the 
rest of the Vniverse. and then wait the answers which Simplicius shall make 
thereto. And first, if we consider onely the immense magnitude of the Starry 
Sphere, compared to the smalness of the Terrestrial Globe, contained therein so 
many millions of times; and moreover weigh the velocity of the motion which 
must in a day and night make an entire revolution thereof, I cannot perswade my 
self, that there is any man who believes it more reasonable and credible, that the 
Coelestial Sphere turneth round, and the Terrestrial Globe stands still. 


SAGR. 


If from the universality of effects, which may in nature have dependence upon 
such like motions, there should indifferently follow all the same consequences to 


an hair, aswell in one Hypothesis as in the other; yet I for my part, as to my first 
and general apprehension, would esteem, that he which should hold it more 
rational to make the whole Universe move, and thereby to salve the Earths 
mobility, is more unreasonable than he that being got to the top of your Turret, 
should desire, to the end onely that he might behold the City, and the Fields 
about it, that the whole Country might turn round, that so he might not be put to 
the trouble to stir his head. And yet doubtless the advantages would be many and 
great which the Copernican Hypothesis is attended with, above those of the 
Ptolomaique, which in my opinion resembleth, nay surpasseth that other folly; so 
that all this makes me think that far more probable than this. But haply Aristotle 
Ptolomey, and Simplicius may find the advantages of their Systeme, which they 
would do well to communicate to us also, if any such there be; or else declare to 
me, that there neither are or can be any such things. 


SALV. 


For my part, as I have not been able, as much as I have thought upon it, to find 
any diversity therein; so I think I have found, that no such diversity can be in 
them: in so much that I esteem it to no purpose to seek farther after it. Motion, as 
to the things that equally move thereby, is as if it never were, & so far operates 
as it hath relation to things deprived of motion. Therefore observe: Motion is so 
far Motion, and as Motion operateth, by how far it hath relation to things which 
want Motion: but in those things which all equally partake thereof it hath 
nothing to do, and is as if it never were. And thus the Merchandises with which a 
ship is laden, so far move, by how far leaving London, they pass by France, 
Spain, Italy, and sail to Aleppo, which London, France, Spain &c. stand still, not 
moving with the ship: but as to the Chests, Bales and other Parcels, wherewith 
the ship is stow’d and and laden, and in respect of the ship it self, the Motion 
from London to Syria is as much as nothing; and nothing-altereth the relation 
which is between them: and this, because it is common to all, and is participated 
by all alike: and of the Cargo which is in the ship, if a Bale were romag’d from a 
Chest but one inch onely, this alone would be in that Cargo, a greater Motion in 
respect of the Chest, than the whole Voyage of above three thousand miles, 
made by them as they were stived together. 


SIMPL. 


This Doctrine is good, sound, and altogether Peripatetick. 


SALV. 


I hold it to be much more antient: A proposition taken by Aristotle from the 
Antients, but somewhat altered by him. and suspect that Aristotle in receiving it 
from some good School, did not fully understand it, and that therefore, having 
delivered it with some alteration, it hath been an occasion of confusion amongst 
those, who would defend whatever he saith. And when he writ, that whatsoever 
moveth, doth move upon something immoveable, I suppose that he equivocated, 
and meant, that whatever moveth, moveth in respect to something immoveable; 
which proposition admitteth no doubt, and the other many. 


SAGR. 
Pray you make no digression, but proceed in the dissertation you began. 
SALV. 


It being therefore manifest, The first discourse to prove that the diurnal motion 
belongs to the Earth. that the motion which is common to many moveables, is 
idle, and as it were, null as to the relation of those moveables between 
themselves, because that among themselves they have made no change: and that 
it is operative onely in the relation that those moveables have to other things, 
which want that motion, among which the habitude is changed: and we having 
divided the Universe into two parts, one of which is necessarily moveable, and 
the other immoveable; for the obtaining of whatsoever may depend upon, or be 
required from such a motion, it may as well be done by making the Earth alone, 
as by making all the rest of the World to move: for that the operation of such a 
motion consists in nothing else, save in the relation or habitude which is between 
the Coelestial Bodies, and the Earth, the which relation is all that is changed. 
Now if for the obtaining of the same effect ad unguem, it be all one whether the 
Earth alone moveth, the rest of the Universe standing still; Nature never doth 
that by many things, which may be done by a few. or that, the Earth onely 
standing still, the whole Universe moveth with one and the same motion; who 
would believe, that Nature (which by common consent, doth not that by many 
things, which may be done by few) hath chosen to make an innumerable number 
of most vast bodies move, and that with an unconceivable velocity, to perform 
that, which might be done by the moderate motion of one alone about its own 
Centre? 


SIMPL. 


I do not well understand, how this grand motion signifieth nothing as to the Sun, 
as to the Moon, as to the other Planets, and as to the innumerable multitude of 
fixed stars: or why you should say that it is to no purpose for the Sun to pass 
from one Meridian to another; to rise above this Horizon, to set beneath that 
other; to make it one while day, another while night: the like variations are made 
by the Moon, the other Planets, and the fixed stars themselves. 


SALV. 


All these alterations instanced by you, are nothing, save onely in relation to the 
Earth: and that this is true, do but imagine the Earth to move, The diurnal motion 
causeth no mutation amongst the Coelestial Bodies, but all changes have relation 
to the Earth. and there will be no such thing in the World as the rising or setting 
of the Sun or Moon, nor Horizons, nor Meridians, nor days, nor nights; nor, in a 
word, will such a motion cause any mutation between the Moon and Sun, or any 
other star whatsoever, whether fixed or erratick; but all these changes have 
relation to the Earth: which all do yet in sum import no other than as if the Sun 
should shew it self now to China, anon to Persia, then to Egypt, Greece, France, 
Spain, America, &c. and the like holdeth in the Moon, and the rest of the 
Coelestial Bodies: which self same effect falls out exactly in the same manner, 
if, without troubling so great a part of the Universe, the Terrestrial Globe be 
made to revolve in it self. A second confirmation that the diurnal motion belongs 
to the Earth. But we will augment the difficulty by the addition of this other, 
which is a very great one, namely, that if you will ascribe this Great Motion to 
Heaven, you must of necessity make it contrary to the particular motion of all 
the Orbs of the Planets, each of which without controversie hath its peculiar 
motion from the West towards the East, and this but very easie and moderate: 
and then you make them to be hurried to the contrary part, i. e. from East to 
West, by this most furious diurnal motion: whereas, on the contrary, making the 
Earth to move in it self, the contrariety of motions is taken away, and the onely 
motion from West to East is accommodated to all appearances, and exactly 
satisfieth every Phoenomenon. 


SIMPL. 


As to the contrariety of Motions it would import little, Circular motions are not 
contrary, according to Aristotle. for Aristotle demonstrateth, that circular 


motions, are not contrary to one another; and that theirs cannot be truly called 
contrariety. 


SALV. 


Doth Aristotle demonstrate this, or doth he not rather barely affirm it, as serving 
to some certain design of his? If contraries be those things, that destroy one 
another, as he himself affirmeth, I do not see how two moveables that encounter 
each other in a circular line, should lesse prejudice one another, than if they 
interfered in a right line. 


SAGR. 


Hold a little, I pray you. Tell me Simplicius, when two Knights encounter each 
other, tilting in open field, or when two whole Squadrons, or two Fleets at Sea, 
make up to grapple, and are broken and sunk, do you call these encounters 
contrary to one another? 


SIMPL. 
Yes, we say they are contrary. 
SAGR. 


How then, is there no contrariety in circular motions. These motions, being made 
upon the superficies of the Earth or Water, which are, as you know, spherical, 
come to be circular. Can you tell, Simplicius, which those circular motions be, 
that are not contrary to each other? They are (if I mistake not) those of two 
circles, which touching one another without, one thereof being turn’d round, 
naturally maketh the other move the contrary As you see in a Mill, wherein the 
implicated cogs set the wheels on moving. way; but if one of them shall be 
within the other, it is impossible that their motion being made towards different 
points, they should not justle one another. 


SALV. 


But be they contrary, or not contrary, these are but alterations of words; and I 
know, that upon the matter, it would be far more proper and agreeable with 
Nature, if we could salve all with one motion onely, than to introduce two that 
are (if you will not call them contrary) opposite; yet do I not censure this 


introduction (of contrary motions) as impossible; nor pretend I from the denial 
thereof, to inferre a necessary Demonstration, but onely a greater probability, A 
third confirmation of the same Doctrine. of the other. A third reason which 
maketh the Ptolomaique Hypothesis lesse probable is, that it most unreasonably 
confoundeth the order, which we assuredly see to be amongst those Coelestial 
Bodies, the circumgyration of which is not questionable, The greater Orbs make 
their conversions in greater times. but most certain. And that Order is, that 
according as an Orb is greater, it finisheth its revolution in a longer time, and the 
lesser, in shorter. And thus Saturn describing a greater Circle than all the other 
Planets, compleateth the same in thirty yeares: Jupiter finisheth his; that is lesse, 
in twelve years: Mars in two: The Moon runneth thorow hers, so much lesse than 
the rest, in a Moneth onely. Nor do we lesse sensibly see that of the Medicean 
Stars, The times of the Medicean Planets conversions. which is nearest to 
Jupiter, to make its revolution in a very short time, that is, in four and forty 
hours, or thereabouts, the next to that in three dayes and an half, the third in 
seven dayes, and the most remote in sixteen. And this rate holdeth well enough, 
nor will it at all alter, whilest we assign the motion of 24 hours to the Terrestrial 
Globe, for it to move round its own center in that time; but if you would have the 
Earth immoveable, it is necessary, that when you have past from the short period 
of the Moon, to the others successively bigger, until you come to that of Mars in 
two years, and from thence to that of the bigger Sphere of Jupiter in twelve 
years, and from this to the other yet bigger of Saturn, whose period is of thirty 
years, it is necessary, I say, that you passe to another Sphere incomparably 
greater still than that, and make this to accomplish an entire revolution in twenty 
four hours. The motion of 24 hours ascribed to the highest Sphere disorders the 
period of the inferiour. And this yet is the least disorder that can follow. For if 
any one should passe from the Sphere of Saturn to the Starry Orb, and make it so 
much bigger than that of Saturn, as proportion would require, in respect of its 
very slow motion, of many thousands of years, then it must needs be a Salt much 
more absurd, to skip from this to another bigger, and to make it convertible in 
twenty four hours. But the motion of the Earth being granted, the order of the 
periods will be exactly observed, and from the very slow Sphere of Saturn, we 
come to the fixed Stars, which are wholly immoveable, The fourth Confirmation. 
and so avoid a fourth difficulty, which we must of necessity admit, if the Starry 
Sphere be supposed moveable, and that is the immense disparity between the 
motions of those stars themselves; Great disparity amongst the motions of the 
particular fixed stars, if their Sphere be moveable. of which some would come to 
move most swiftly in most vast circles, others most slowly in circles very small, 
according as those or these should be found nearer, or more remote from the 


Poles; which still is accompanied with an inconvenience, as well because we see 
those, of whose motion there is no question to be made, to move all in very 
immense circles; as also, because it seems to be an act done with no good 
consideration, to constitute bodies, that are designed to move circularly, at 
immense distances from the centre, and afterwards to make them move in very 
small circles. And not onely the magnitudes of the circles, and consequently the 
velocity of the motions of these Stars, shall be most different from the circles 
and motions of those others, The fifth Confirmation. but (which shall be the fifth 
inconvenience) the self-same Stars shall successively vary its circles and 
velocities: The motions of the fixed stars would accelerate and grow slow in 
divers times, if the starry Sphere were moueable. For that those, which two 
thousand years since were in the Equinoctial, and consequently did with their 
motion describe very vast circles, being in our dayes many degrees distant from 
thence, must of necessity become more slow of motion, and be reduced to move 
in lesser circles, and it is not altogether impossible but that a time may come, in 
which some of them which in aforetime had continually moved, shall be reduced 
by uniting with the Pole, to a state of rest, and then after some time of cessation, 
shall return to their motion again; whereas the other Stars, touching whose 
motion none stand in doubt, do all describe, as hath been said, the great circle of 
their Orb, and in that maintain themselves without any variation. The sixth 
Confirmation. The absurdity is farther enlarged (which let be the sixth 
inconvenience) to him that more seriously examineth the thing, in that no 
thought can comprehend what ought to be the solidity of that immense Sphere, 
whose depth so stedfastly holdeth fast such a multitude of Stars, which without 
ever changing site among themselves, are with so much concord carried about, 
with so great disparity of motions. Or else, supposing the Heavens to be fluid, as 
we are with more reason to believe, so as that every Star wandereth to and fro in 
it, by wayes of its own, what rules shall regulate their motions, and to what 
purpose, so, as that being beheld from the Earth, they appear as if they were 
made by one onely Sphere? It is my opinion, that they might so much more 
easily do that, and in a more commodious manner, by being constituted 
immoveable, than by being made errant, by how much more facile it is to 
number the quarries in the Pavement of a Piazza, than the rout of boyes which 
run up and down upon them. The Seventh Confirmation. And lastly, which is the 
seventh instance, if we attribute the Diurnal Motion to the highest Heaven, it 
must be constituted of such a force and efficacy, as to carry along with it the 
innumerable multitude of fixed Stars, Bodies all of vast magnitude, and far 
bigger than the Earth; and moreover all the Spheres of the Planets; 
notwithstanding that both these and those of their own nature move the contrary 


way. And besides all this, it must be granted, that also the Element of Fire, and 
the greater part of the Air, are likewise forcibly hurried along with the rest, and 
that the sole little Globe of the Earth pertinaciously stands still, and unmoved 
against such an impulse; a thing, which in my thinking, is very difficult; nor can 
I see how the Earth, a pendent body, The Earth a pendent Body, and equilibrated 
in a fluid Medium seems unable to resist the rapture of the Diurnal Motion. and 
equilibrated upon its centre, exposed indifferently to either motion or rest, and 
environed with a liquid ambient, should not yield also as the rest, and be carried 
about. But we find none of these obstacles in making the Earth to move; a small 
body, and insensible, compared to the Universe, and therefore unable to offer it 
any violence. 


SAGR. 


I find my fancy disturbed with certain conjectures so confusedly sprung from 
your later discourses; that, if I would be enabled to apply my self with atention 
to what followeth, I must of necessity attempt whether I can better methodize 
them, and gather thence their true construction, if haply any can be made of 
them; and peradventure, the proceeding by interrogations may help me the more 
easily to expresse my self. Therefore I demand first of Simplicius, whether he 
believeth, that divers motions may naturally agree to one and the same moveable 
body, or else that it be requisite its natural and proper motion be onely one. 


SIMPL. 


To one single moveable, A single moveable hath but onely one natural motion, 
and all the rest are by participation. there can naturally agree but one sole 
motion, and no more; the rest all happen accidentally and by participation; like 
as to him that walketh upon the Deck of a Ship, his proper motion is that of his 
walk, his motion by participation that which carrieth him to his Port, whither he 
would never with his walking have arrived, if the Ship with its motion had not 
wafted him thither. 


SAGR. 


Tell me secondly. That motion, which is communicated to any moveable by 
participation, whilest it moveth by it self, with another motion different from the 
participated, is it necessary, that it do reside in some certain subject by it self, or 
else can it subsist in nature alone, without other support. 


SIMPL. 


Aristotle giveth you an answer to all these questions, Motion cannot be made 
without its moveable subject. and tels you, that as of one sole moveable the 
motion is but one; so of one sole motion the moveable is but one; and 
consequently, that without the inherence in its subject, no motion can either 
subsist, or be imagined. 


SAGR. 


I would have you tell me in the third place, whether you beblieve that the Moon 
and the other Planets and Coelestial bodies, have their proper motions, and what 
they are. 


SIMPL. 


They have so, and they be those according to which they run through the 
Zodiack, the Moon in a Moneth, the Sun in a Year, Mars in two, the Starry 
Sphere in those so many thousand. And these are their proper, or natural 
motions. 


SAGR. 


But that motion wherewith I see the fixed Stars, and with them all the Planets go 
unitedly from East to West, and return round to the East again in twenty four 
hours, how doth it agree with them? 


SIMPL. 
It suiteth with them by participation. 
SAGR. 


This then resides not in them, and not residing in them, nor being able to subsist 
without some subject in which it is resident, it must of force be the proper and 
natural motion of some other Sphere. 


SIMPL. 


For this purpose Astronomers, and Philosophers have found another high 
Sphere, above all the rest, without Stars, to which Natural agreeth the Diurnal 
Motion; and this they call the Primum mobile; the which carrieth along with it 
all the inferiour Spheres, contributing and imparting its motion to them. 


SAGR. 


But when, without introducing other Spheres unknown and hugely vast, without 
other motions or communicated raptures, with leaving to each Sphere its sole 
and simple motion, without intermixing contrary motions, but making all turn 
one way, as it is necessary that they do, depending all upon one sole principle, 
all things proceed orderly, and correspond with most perfect harmony, why do 
we reject this Phoenomenon, and give our assent to those prodigious and 
laborious conditions? 


SIMPL. 
The difficulty lyeth in finding out this so natural and expeditous way. 
SAGR. 


In my judgment this is found. Make the Earth the Primum mobile, that is, make 
it turn round its own axis in twenty four hours, and towards the same point with 
all the other Spheres; and without participating this same motion to any other 
Planet or Star, all shall have their risings, settings, and in a word, all their other 
appearances. 


SIMPL. 


The business is, to be able to make the Earth move without a thousand 
inconveniences. 


SALV. 


All the inconveniences shall be removed as fast as you propound them: and the 
things spoken hitherto are onely the primary and more general inducements 
which give us to believe that the diurnal conversion may not altogether without 
probability be applyed to the Earth, rather than to all the rest of the Universe: the 
which inducements I impose not upon you as inviolable Axioms, but as hints, 
which carry with them somewhat of likelihood. One single experiment, or sound 


demonstration batereth down all arguments meerly probable. And in regard I 
know very well, that one sole experiment, or concludent demonstration, 
produced on the contrary part, sufficeth to batter to the ground these and a 
thousand other probable Arguments; therefore it is not fit to stay here, but 
proceed forwards and hear what Simplicius answereth, and what greater 
probabilities, or stronger arguments he alledgeth on the contrary. 


SIMPL. 


I will first say something in general upon all these considerations together, and 
then I will descend to some particulars. It seems that you universally bottom all 
you say upon the greater simplicity and facility of producing the same effects, 
whilst you hold, that as to the causing of them, the motion of the Earth alone, 
serveth as well as that of all the rest of the World, the Earth deducted: but as to 
the operations, you esteem that much easier than this. To which I reply, that I am 
also of the same opinion, so long as I regard my own not onely finite, but feeble 
power; but having a respect to the strength of the Mover, which is infinite, its no 
lesse easie to move the Universe, than the Earth, yea than a straw. And if his 
power be infinite, Of an infinite power one would think a greater part should 
rather be imploy’d than a lesse. why should he not rather exercise a greater part 
thereof than a lesse? Therefore, I hold that your discourse in general is not 
convincing. 


SALV. 


If I had at any time said, that the Universe moved not for want of power in the 
Mover, I should have erred, and your reproof would have been seasonable; and I 
grant you, that to an infinite power, it is as easie to move an hundred thousand, 
as one. But that which I did say, concerns not the Mover, but onely hath respect 
to the Moveables; and in them, not onely to their resistance, which doubtlesse is 
lesser in the Earth, than in the Universe; but to the many other particulars, but 
even now considered. As to what you say in the next place, that of an infinite 
power it is better to exercise a great part than a small: I answer, that of infinite 
one part is not greater than another, since both are infinite; Of infinity, one part 
is no bigger than another, although they are comparatively unequal. nor can it be 
said, that of the infinite number, an hundred thousand is a greater part than two, 
though that be fifty thousand times greater than this; and if to the moving of the 
Universe there be required a finite power, though very great in comparison of 
that which sufficeth to move the Earth onely; yet is there not implied therein a 


greater part of the infinite power, nor is that part lesse infinite which remaineth 
unimploy’d. So that to apply unto a particular effect, a little more, or a little lesse 
power, importeth nothing; besides that the operation of such vertue, hath not for 
its bound or end the Diurnal Motion onely; but there are several other motions in 
the World, which we know of, and many others there may be, that are to us 
unknown. Therefore if we respect the Moveables, and granting it as out of 
question, that it is a shorter and easier way to move the Earth, than the Universe; 
and moreover, having an eye to the so many other abreviations, and facilities 
that onely this way are to be obtained, an infallible Maxime of Aristotle, which 
he teacheth us, that, frustra fit per plura, quod potest fieri per pauciora, rendereth 
it more probable that the Diurnal Motion belongs to the Earth alone, than to the 
Universe, the Earth subducted. 


SIMPL. 


In reciting that Axiom, you have omitted a small clause, which importeth as 
much as all the rest, especially in our case, that is to say, the words aequé bene. 
It is requisite therefore to examine whether this Hypothesis doth equally well 
satisfie in all particulars, as the other. 


SALV. 


The knowledg whether both these positions do aequè bene, satisfie, may be 
comprehended from the particular examination of the appearances which they 
are to satisfie; for hitherto we have discoursed, and will continue to argue ex 
hypothesi, namely, supposing, that as to the satisfaction of the appearances, both 
the assumptions are equally accomodated. In the Axiome Frustra fit per plura, 
&c. the addition of aeque benè, is superfluous. As to the clause which you say 
was omitted by me, I have more reason to suspect that it was superfluously 
inserted by you. For the expression aequè bene, is a relative that necessarily 
requireth two terms at least, for a thing cannot have relation to its self, nor do we 
say, v. gr. rest to be equally good, as rest. And because, when we say, that is 
done in vain by many means, which may be done with fewer, we mean, that that 
which is to be done, ought to be the same thing, not two different ones; and 
because the same thing cannot be said to be done as well as its self; therefore, 
the addition of the Phrase aequè bene is superfluous, and a relation, that hath but 
one term onely. 


SAGR. 


Unlesse you will have the same befal us, as did yesterday, let us return to our 
matter in hand; and let Simplicius begin to produce those difficulties that seem 
in his opinion, to thwart this new disposition of the World. 


SIMPL. 


That disposition is not new, but very old; and that you may see it is so, Aristotle 
confuteth it; and his confutations are these: Aristotles Arguments for the Earths 
quiessence. ‘First if the Earth moveth either in it self about its own Centre, or in 
an Excentrick Circle, it is necessary that that same motion be violent; for it is not 
its natural motion, for if it were, each of its parts would partake thereof; but each 
of them moveth in a right line towards its Centre. It being therefore violent and 
pteternatural, it could never be perpetual: But the order of the World is 
perpetual. Therefore, &c. Secondly, all the other moveables that move circularly, 
seem toResti indietz , which is meant here of that motion which a bowl makes 
when is born by its by as to one side or other, and so hindered in its direct 
motion. stay behind, and to move with more than one motion, the Prmum 
Mobile excepted: Whence it would be necessary that the Earth also do move 
with two motions; and if that should be so, it would inevitably follow, that 
mutations should be made in the Fixed Stars, the which none do perceive; nay 
without any variation, the same Stars alwayes rise from towards the same places, 
and in the same places do set. Thirdly, the motion of the parts is the same with 
that of the whole, and naturally tendeth towards the Centre of the Universe; and 
for the same cause rest, being arrived thither. He thereupon moves the question 
whether the motion of the parts hath a tendency to centre of the Universe, or to 
the centre of the Earth; and concludeth that it goeth by proper instinct to the 
centre of the Universe, and per accidence to that of the Earth; of which point we 
largely discoursed yesterday. He lastly confirmeth the same with a fourth 
argument taken from the experiment of grave bodies, which faling from on high, 
descend perpendicularly unto the Earths surface; and in the same manner 
Projections shot perpendicularly upwards, do by the same lines return 
perpendicularly down again, though they were shot to a very great height. All 
which arguments necessarily prove their motion to be towards the Centre of the 
Earth, which without moving at all waits for, and receiveth them. He intimateth 
in the last place that the Astronomers alledg other reasons in confirmation of the 
same conclusions, I mean of the Earths being in the Centre of the Universe, and 
immoveable; and instanceth onely in one of them, to wit, that all the 
Phaenomena or appearances that are seen in the motions of the Stars, perfectly 
agree with the position of the Earth in the Centre; which would not be so, were 


the Earth seated otherwise.’ The rest produced by Ptolomy and the other 
Astronomers, I can give you now if you please, or after you have spoken what 
you have to say in answer to these of Aristotle. 


SALV. 


The arguments which are brought upon this occasion are of two kinds: Two 
kindes of Arguments touching the Earths motion or rest. some have respect to 
the accidents Terrestrial, without any relation to the Stars, and others are taken 
from the Phaenomena and observations of things Coelestial. The arguments of 
Aristotle are for the most part taken from things neer at hand, and he leaveth the 
others to Astronomers; and therefore it is the best way, if you like of it, to 
examine these taken from experiments touching the Earth, and then proceed to 
those of the other kind. Arguments of Ptolomy and Tycho, and other persons, 
over and above those of Aristotle. And because Ptolomy, Tycho, and the other 
Astronomers and Philosophers, besides the arguments of Aristotle by them 
assumed, confirmed, and made good, do produce certain others; we will put 
them all together, that so we may not answer twice to the same, or the like 
objections. Therefore Simplicius, choose whether you will recite them your self, 
or cause me to ease you of this task, for I am ready to serve you. 


SIMPL. 


It is better that you quote them, because, as having taken more pains in the study 
of them, you can produce them with more readinesse, and in greater number. 


SALV. 


All, The first argument taken from grave bodies falling from on high to the 
ground. for the strongest reason, alledge that of grave bodies, which falling 
downwards from on high, move by a right line, that is perpendicular to the 
surface of the Earth, an argument which is held undeniably to prove that the 
Earth is immoveable: for in case it should have the diurnal motion, a Tower, 
from the top of which a stone is let fall, being carried along by the conversion of 
the Earth, in the time that the stone spends in falling, would be transported many 
hundred yards Eastward, and so far distant from the Towers foot would the stone 
come to ground. The which effect they back with another experiment; Which is 
confirmed by the experiment of a body let fall from the round top of a Ship. to 
wit, by letting a bullet of lead fall from the round top of a Ship, that lieth at 


anchor, and observing the mark it makes where it lights, which they find to be 
neer theThat is, at the foot of the Mast, upon the upper deck. partners of the 
Mast; but if the same bullet be let fall from the same place when the ship is 
under sail, it shall light as far from the former place, as the ship hath run in the 
time of the leads descent; and this for no other reason, than because the natural 
motion of the ball being at liberty is by a right line towards the centre of the 
Earth. The second argument taken from a Projection shot very high. They fortifie 
this argument with the experiment of a projection shot on high at a very great 
distance; as for example, a ball sent out of a Cannon, erected perpendicular to 
the horizon, the which spendeth so much time in ascending and falling, that in 
our parallel the Cannon and we both should be carried by the Earth many miles 
towards the East, so that the ball in its return could never come neer the Peece, 
but would fall as far West, The third argument taken from the shots of a Cannon, 
towards the East, and towards the West# as the Earth had run East. They againe 
adde a third, and very evident experiment, scilicet, that shooting a bullet point 
blank (or as Gunners say, neither above nor under metal) out of a Culverin 
towards the East, and afterwards another, with the same charge, and at the same 
elevation or disport towards the West, the range towards the West should be very 
much greater then the other towards the East: for that whil’st the ball goeth 
Westward, and the Peece is carried along by the Earth Eastward, the ball will fall 
from the Peece as far distant as is the aggregate of the two motions, one made by 
it self towards the West, and the other by the Peece carried about by the Earth 
towards the East; and on the contrary, from the range of the ball shot Eastward 
you are to substract the space the Peece moved, being carried after it. Now 
suppose, for example, that the range of the ball shot West were five miles, and 
that the Earth in the same parallel and in the time of the Bals ranging should 
remove three miles, the Ball in this case would fall eight miles distant from the 
Culverin, namely, its own five Westward, and the Culverins three miles 
Eastward: but the range of the shot towards the East would be but two miles 
long, for so much is the remainder, after you have substracted from the five 
miles of the range, the three miles which the Peece had moved towards the same 
part. But experience sheweth the Ranges to be equal, therefore the Culverin, and 
consequently the Earth are immoveable. This argument is confirmed by two 
shots towards the South and towards the North. And the stability of the Earth is 
no lesse confirmed by two other shots made North and South; for they would 
never hit the mark, but the Ranges would be alwayes wide, or towards the West, 
by meanes of the remove the mark would make, being carried along with the 
Earth towards the East, whil’st the ball is flying. And it is likewise confirmed by 
two shots towards the East, and towards the West. And not onely shots made by 


the Meridians, but also those aimed East or West would prove uncertain; for 
those aim’d East would be too high, and those directed West too low, although 
they were shot point blank, as I said. For the Range of the Ball in both the shots 
being made by the Tangent, that is, by a line parallel to the Horizon, and being 
that in the diurnal motion, if it be of the Earth, the Horizon goeth continually 
descending towards the East, and rising from the West (therefore the Oriental 
Stars seem to rise, and the Occidental to decline) so that the Oriental mark would 
descend below the aime, and thereupon the shot would fly too high, and the 
ascending of the Western mark would make the shot aimed that way range too 
low; so that the Peece would never carry true towards any point; and for that 
experience telleth us the contrary, it is requisite to say, that the Earth is 
immoveable. 


SIMPL. 

These are solid reasons, and such as I believe no man can answer. 
SALV. 

Perhaps they are new to you? 

SIMPL. 


Really they are; and now I see with how many admirable experiments Nature is 
pleased to favour us, wherewith to assist us in the knowledge of the Truth. Oh! 
how exactly one truth agreeth with another, and all conspire to render each other 
inexpugnable! 


SAGR. 


What pity it is that Guns were not used in Aristotles age, he would with help of 
them have easily battered down ignorance, and spoke without haesitation of 
these mundane points. 


SALV. 


I am very glad that these reasons are new unto you, that so you may not rest in 
the opinion of the major part of Peripateticks, who believe, that if any one 
forsakes the Doctrine of Aristotle, it is because they did not understand or rightly 
apprehend his demonstrations. Copernicus his followers are not moved through 


ignorance of the arguments on the other part. But you may expect to hear of 
other Novelties, and you shall see the followers of this new Systeme produce 
against themselves observations, experiences, and reasons of farre greater force 
than those alledged by Aristotle, Ptolomy, and other opposers of the same 
conclusions, and by this means you shall come to ascertain your self that they 
were not induced through want of knowledge or expetience to follow that 
opinion. 


SAGR. 


It is requisite that upon this occasion I relate unto you some accidents that befell 
me, so soon as I first began to hear speak of this new doctrine. Being very 
young, and having scarcely finished my course of Philosophy, which I left off, as 
being set upon other employments, there chanced to come into these parts a 
certain Foreigner of Rostock, whose name, as I remember, was Christianus 
Vurstitius, Christianus Vurstitius read certain Lectures touching the opinion of 
Copernicus, & what ensued thereupon. a follower of Copernicus, who in an 
Academy made two or three Lectures upon this point, to whom many flock’t as 
Auditors; but I thinking they went more for the novelty of the subject than 
otherwise, did not go to hear him: for I had concluded with my self that that 
opinion could be no other than a solemn madnesse. And questioning some of 
those who had been there, I perceived they all made a jest thereof, execpt one, 
who told me that the businesse was not altogether to be laugh’t at, and because 
this man was reputed by me to be very intelligent and wary, I repented that I was 
not there, and began from that time forward as oft as I met with any one of the 
Copernican perswasion, to demand of them, if they had been alwayes of the 
same judgment; and of as many as I examined, I found not so much as one, who 
told me not that he had been a long time of the contrary opinion, but to have 
changed it for this, as convinced by the strength of the reasons proving the same: 
and afterwards questioning them, one by one, to see whether they were well 
possest of the reasons of the other side, I found them all to be very ready and 
perfect in them; The followers of Copernicus were all first against that opinion, 
but the Sectators of Aristotle & Ptolomy, were never of the other side. so that I 
could not truly say, that they had took up this opinion out of ignorance, vanity, 
or to shew the acutenesse of their wits. On the contrary, of as many of the 
Peripateticks and Ptolomeans as I have asked (and out of curiosity I have talked 
with many) what pains they had taken in the Book of Copernicus, I found very 
few that had so much as superficially perused it; but of those whom, I thought, 
had understood the same, not one; and moreover, I have enquired amongst the 


followers of the Peripatetick Doctrine, if ever any of them had held the contrary 
opinion, and likewise found none that had. Whereupon considering that there 
was no man who followed the opinion of Copernicus, that had not been first on 
the contrary side, and that was not very well acquainted with the reasons of 
Aristotle and Ptolomy; and, on the contrary, that there is not one of the followers 
of Ptolomy that had ever been of the judgment of Copernicus, and had left that, 
to imbrace this of Aristotle, considering, I say, these things, I began to think, that 
one, who leaveth an opinion imbued with his milk, and followed by very many, 
to take up another owned by very few, and denied by all the Schools, and that 
really seems a very great Paradox, must needs have been moved, not to say 
forced, by more powerful reasons. For this cause, I am become very curious to 
dive, as they say, into the bottom of this businesse, and account it my great good 
fortune that I have met you two, from whom I may without any trouble, hear all 
that hath been, and, haply, can be said on this argument, assuring my self that the 
strength of your reasons will resolve all scruples, and bring me to a certainty in 
this subject. 


SIMPL. 


But its possible your opinion and hopes may be disappointed, and that you may 
find your selves more at a losse in the end than you was at first. 


SAGR. 
I am very confident that this can in no wise befal me. 
SIMPL. 


And why not? I have a manifest example in my self, that the farther I go, the 
more I am confounded. 


SAGR. 


This is a sign that those reasons that hitherto seemed concluding unto you, and 
assured you in the truth of your opinion, begin to change countenance in your 
mind, and to let you by degrees, if not imbrace, at least look towards the contrary 
tenent; but I, that have been hitherto indifferent, do greatly hope to acquire rest 
and satisfaction by our future discourses, and you will not deny but I may, if you 
please but to hear what perswadeth me to this expectation. 


SIMPL. 


I will gladly hearken to the same, and should be no lesse glad that the like effect 
might be wrought in me. 


SAGR. 


Favour me therefore with answering to what I shall ask you. And first, tell me, 
Simplicius, is not the conclusion, which we seek the truth of, Whether we ought 
to hold with Aristotle and Ptolomy, that the Earth onely abiding without motion 
in the Centre of the Universe, the Coelestial bodies all move, or else, Whether 
the Starry Sphere and the Sun standing still in the Centre, the Earth is without 
the same, and owner of all those motions that in our seeming belong to the Sun 
and fixed Stars? 


SIMPL. 
These are the conclusions which are in dispute. 
SAGR. 


And these two conclusions, are they not of such a nature, that one of them must 
necessarily be true, and the other false? 


SIMPL. 


They are so. We are in a Dilemma, one part of which must of necessity be true, 
and the other untrue; for between Motion and Rest, which are contradictories, 
there cannot be instanced a third, so as that one cannot say the Earth moves not, 
nor stands still; the Sun and Stars do not move, and yet stand not still. 


SAGR. 


The Earth, the Sun, and Stars, what things are they in nature? are they petite 
things not worth our notice, or grand and worthy of consideration? 


SIMPL. 


They are principal, noble, integral bodies of the Universe, most vast and 
considerable. 


SAGR. 
And Motion, and Rest, what accidents are they in Nature? 
SIMPL. 


So great and principal, Motion and rest principal accidents in nature. that Nature 
her self is defined by them. 


SAGR. 


So that moving eternally, and the being wholly immoveable are two conditions 
very considerable in Nature, and indicate very great diversity; and especially 
when ascribed to the principal bodies of the Universe, from which can ensue 
none but very different events. 


SIMPL. 
Yea doubtlesse. 
SAGR. 


Now answer me to another point. Do you believe that in Logick, Rhethorick, the 
Physicks, Metaphysicks, Mathematicks, and finally, in the universa ity of 
Disputations there are arguments sufficient to perswade and demonstrate to a 
person the fallacious, no lesse then the true conclusions? 


SIMPL. 


No Sir; Vntruths cannot be demonstrated, as Truths are. rather I am very 
confident and certain, that for the proving of a true and necessary conclusion, 
there are in nature not onely one, For proof of true conclusions, many solid 
arguments may be produced, but to prove a falsity, none. but many very 
powerfull demonstrations: and that one may discusse and handle the same divers 
and sundry wayes, without ever falling into any absurdity; and that the more any 
Sophist would disturb and muddy it, the more clear would its certainty appear: 
And that on the contrary to make a false position passe for true, and to perswade 
the belief thereof, there cannot be any thing produced but fallacies, Sophisms, 
Paralogismes, Equivocations, and Discourses vain, inconsistant, and full of 
repugnances and contradictions. 


SAGR. 


Now if eternal motion, and eternal rest be so principal accidents of Nature, and 
so different, that there can depend on them only most different consequences, 
and especially when applyed to the Sun, and to the Earth, so vast and famous 
bodies of the Universe; and it being, moreover, impossible, that one of two 
contradictory Propositions, should not be true, and the other false; and that for 
proof of the false one, any thing can be produced but fallacies; but the true one 
being perswadeable by all kind of concluding and demonstrative arguments, why 
should you think that he, of you two, who shall be so fortunate as to maintain the 
true Proposition ought not to perswade me? You must suppose me to be of a 
stupid wit, perverse judgment, dull mind and intellect, and of a blind reason, that 
I should not be able to distinguish light from darknesse, jewels from coals, or 
truth from falshood. 


SIMPL. 


I tell you now, and have told you upon other occasions, that the best Master to 
teach us how to discern Sophismes, Paralogismes, and other fallacies, was 
Aristotle, who in this particular can never be deceived. 


SAGR. 


You insist upon Aristotle, who cannot speak. Yet I tell you, Aristotle would 
either refute his adversaries arguments, or would alter his opinion. that if 
Aristotle were here, he would either yield himself to be perswaded by us, or 
refuting our arguments, convince us by better of his own. And you your self, 
when you heard the experiments of the Suns related, did you not acknowledg 
and admire them, and confesse them more concludent than those of Aristotle? 
Yet neverthelesse I cannot perceive that Salviatus, who hath produced them, 
examined them, and with exquisite care scan’d them, doth confesse himself 
perswaded by them; no nor by others of greater force, which he intimated that he 
was about to give us an account of. And I know not on what grounds you should 
censure Nature, as one that for many Ages hath been lazie, and forgetful to 
produce speculative wits; and that knoweth not how to make more such, unlesse 
they be such kind of men as slavishly giving up their judgments to Aristotle, do 
understand with his brain, and resent with his senses. But let us hear the residue 
of those reasons which favour his opinion, that we may thereupon proceed to 
speak to them; comparing and weighing them in the ballance of impartiality. 


SALV. 


Before I proceed any farther, I must tell Sagredus, that in these our Disputations, 
I personate the Copernican, and imitate him, as if I were his Zany; but what hath 
been effected in my private thoughts by these arguments which I seem to alledg 
in his favour, I would not have you to judg by what I say, whil’st I am in the heat 
of acting my part in the Fable; but after I have laid by my disguise, for you may 
chance to find me different from what you see me upon the Stage. Now let us go 
on. 


Ptolomy and his followers produce another experiment like to that of the 
Projections, An argument taken from the Clouds, and from Birds. and it is of 
things that being separated from the Earth, continue a good space of time in the 
Air, such as are the Clouds, Birds of flight; and as of them it cannot be said that 
they are rapt or transparted by the Earth, having no adhesion thereto, it seems not 
possible, that they should be able to keep pace with the velocity thereof; nay it 
should rather seem to us, that they all swiftly move towards the West: And if 
being carried about by the Earth, passe our parallel in twenty four hours, which 
yet is at least sixteen thousand miles, how can Birds follow such a course or 
revolution? Whereas on the contrary, we see them fly as well towards the East, 
as towards the West, An argument taken from the air which we feel to beat upon 
us when we run a Horse at full speed. or any other part, without any sensible 
difference. Moreover, if when we run a Horse at his speed, we feel the air beat 
vehemently against our face, what an impetuous blast ought we perpetually to 
feel from the East, being carried with so rapid a course against the wind? and yet 
no such effect is perceived. Take another very ingenious argument inferred from 
the following experiment. An argument taken from the whirling of circular 
motion, which hath a faculty to extrude and dissipate. The circular motion hath a 
faculty to extrude and dissipate from its Centre the parts of the moving body, 
whensoever either the motion is not very slow, or those parts are not very well 
fastened together; and therefore, if v. g. we should turn one of those great wheels 
very fast about, wherein one or more men walking, crane up very great weights, 
as the huge massie stone, used by the Callander for pressing of Cloaths; or the 
fraighted Barks which being haled on shore, are hoisted out of one river into 
another; in case the parts of that same Wheel so swiftly turn’d round, be not very 
well joyn’d and pin’d together, they would all be shattered to pieces; and though 
many stones or other ponderous substances, should be very fast bound to its 
outward Rimme, yet could they not resist the impetuosity, which with great 
violence would hurl them every way far from the Wheel, and consequently from 


its Centre. So that if the Earth did move with such and so much greater velocity, 
what gravity, what tenacity of lime or plaister would keep together Stones, 
Buildings, and whole Cities, that they should not be tost into the Air by so 
precipitous a motion? And both men and beasts, which are not fastened to the 
Earth, how could they resist so great an impetus? Whereas, on the other side, we 
see both these, and far lesse resistances of pebles, sands, leaves rest quietly on 
the Earth, and to return to it in falling, though with a very slow motion. See here, 
Simplicius, the most potent arguments, taken, to so speak, from things 
Terrestrial; there remain those of the other kind, namely, such as have relation to 
the appearances of Heaven, which reasons, to confesse the truth, tend more to 
prove the Earth to be in the centre of the Universe, and consequently, to deprive 
it of the annual motion about the same, ascribed unto it by Copernicus. Which 
arguments, as being of somewhat a different nature, may be produced, after we 
have examined the strength of these already propounded. 


SAGR. 


What say you Simplicius? do you think that Salviatus is Master of, and knoweth 
how to unfold the Ptolomean and Aristotelian arguments? Or do you think that 
any Peripatetick is equally verst in the Copernican demonstrations? 


SIMPL. 


Were it not for the high esteem, that the past discourses have begot in me of the 
learning of Salviatus, and of the acutenesse of Sagredus, I would by their good 
leave have gone my way without staying for their answers; it seeming to me a 
thing impossible, that so palpable experiments should be contradicted; and 
would, without hearing them farther, confirm my self in my old perswasion; for 
though I should be made to see that it was erroneous, its being upheld by so 
many probable reasons, would render it excuseable. And if these are fallacies, 
what true demonstrations were ever so fair? 


SAGR. 


Yet its good that we hear the responsions of Salviatus; which if they be true, 
must of necessity be more fair, and that by infinite degrees; and those must be 
deformed, yea most deformed, if the Metaphysical Axiome hold, True and fair 
are one and the same, as also false and deformed. That true and fair are one and 


the same thing; as also false and deformed. Therefore Salviatus let’s no longer 
lose time. 


SALV. 


The first Argument alledged by Simplicius, if I well remember it, was this. The 
Earth cannot move circularly, because such motion would be violent to the same, 
and therefore not perpetual: that it is violent, the reason was: Because, that had it 
been natural, its parts would likewise naturally move round, which is impossible, 
for that it is natural for the parts thereof to move with a right motion downwards. 
To this my reply is, that I could gladly wish, The answer t Aristotles first 
argument. that Aristotle had more cleerly exprest himself, where he said; That its 
parts would likewise move circularly; for this moving circularly is to be 
understood two wayes, one is, that every particle or atome separated from its 
Whole would move circularly about its particular centre, describing its small 
Circulets; the other is, that the whole Globe moving about its centre in twenty 
four hours, the parts also would turn about the same centre in four and twenty 
hours. The first would be no lesse an impertinency, than if one should say, that 
every part of the circumference of a Circle ought to be a Circle; or because that 
the Earth is Spherical, that therefore every part thereof be a Globe, for so doth 
the Axiome require: Eadem est ratio totius, & partium. But if he took it in the 
other sense, to wit, that the parts in imitation of the Whole should move naturally 
round the Centre of the whole Globe in twenty four hours, I say, that they do so; 
and it concerns you, instead of Aristotle, to prove that they do not. 


SIMPL. 


This is proved by Aristotle in the same place, when he saith, that the natural 
motion of the parts is the right motion downwards to the centre of the Universe; 
so that the circular motion cannot naturally agree therewith. 


SALV. 


But do not you see, that those very words carry in them a confutation of this 
solution? 


SIMPL. 


How? and where? 


SALV. 


Doth not he say that the circular motion of the Earth would be violent? and 
therefore not eternal? and that this is absurd, for that the order of the World is 
eternal? 


SIMPL. 
He saith so. 
SALV. 


But if that which is violent cannot be eternal, That which is violent, cannot be 
eternal, and that which cannot be eternal, cannot be natural. then by conversion, 
that which cannot be eternal, cannot be natural: but the motion of the Earth 
downwards cannot be otherwise eternal; therefore much lesse can it be natural: 
nor can any other motion be natural to it, save onely that which is eternal. But if 
we make the Earth move with a circular motion, this may be eternal to it, and to 
its parts, and therefore natural. 


SIMPL. 


The right motion is most natural to the parts of the Earth, and is to them eternal; 
nor shall it ever happen that they move not with a right motion; alwayes 
provided that the impediments be removed. 


SALV. 


You equivocate Simplicius; and I will try to free you from the equivoke. Tell 
me, therefore, do you think that a Ship which should sail from the Strait of 
Gibralter towards Palestina can eternally move towards that Coast? keeping 
alwayes an equal course? 


SIMPL. 
No doubtlesse. 
SALV. 


And why not? 


SIMPL. 


Because that Voyage is bounded and terminated between the Herculean Pillars, 
and the shore of the Holy-land; and the distance being limited, it is past in a 
finite time, unlesse one by returning back should with a contrary motion begin 
the same Voyage anew; but this would be an interrupted and no continued 
motion. 


SALV. 


Very true. But the Navigation from the Strait of Magalanes by the Pacifick 
Ocean, the Moluccha’s, the Cape di buona Speranza, and from thence by the 
same Strait, and then again by the Pacifick Ocean, &c. do you believe that it may 
be perpetuated? 


SIMPL. 


It may; for this being a circumgyration, which returneth about its self, with 
infinite replications, it may be perpetuated without any interruption. 


SALV. 
A Ship then may in this Voyage continue sailing eternally. 
SIMPL. 


It may, in case the Ship were incorruptible, but the Ship decaying, the 
Navigation must of necessity come to an end. 


SALV. 


But in the Mediterrane, though the Vessel were incorruptible, yet could she not 
sail perpetually towards Palestina, that Voyage being determined. Two things 
requisite to the end a motion may perpetuate it self; an unlimited space, and an 
incorruptible moveable. Two things then are required, to the end a moveable 
may without intermission move perpetually; the one is, that the motion may of 
its own nature be indeterminate and infinite; the other, that the moveable be 
likewise incorruptible and eternal. 


SIMPL. 


All this is necessary. 
SALV. 


Therefore you may see how of your own accord you have confessed it 
impossible that any moveable should move eternally in a right line, Right motion 
cannot be eternal, and consequently cannot be natural to the Earth. in regard that 
right motion, whether it be upwards, or downwards, is by you your self bounded 
by the circumference and centre; so that if a Moveable, as suppose the Earth be 
eternal, yet forasmuch as the right motion is not of its own nature eternall, but 
mostTerminatissimo. terminate, it cannot naturally suit with the Earth. Nay, as 
was saidBy this expression he every where means the preceding Dialogue, or 
Giornata. yesterday, Aristotle himself is constrained to make the Terrestrial 
Globe eternally immoveable. When again you say, that the parts of the Earth 
evermore move downwards, all impediments being removed, you egregiously 
equivocate; for then, on the other side they must be impeded, contraried, and 
forced, if you would have them move; for, when they are once fallen to the 
ground, they must be violently thrown upwards, that they may a second time 
fall; and as to the impediments, these only hinder its arrival at the centre; but if 
there were a Well, that did passe thorow and beyond the centre, yet would not a 
cold of Earth passe beyond it, unlesse inasmuch as being transported by its 
impetus, it should passe the same to return thither again, and in the end there to 
rest. As therefore to the defending, that the motion by a right line doth or can 
agree naturally neither to the Earth, nor to any other moveable, whil’st the 
Universe retaineth its perfect order, I would have you take no further paines 
about it, but (unlesse you will grant them the circular motion) your best way will 
be to defend and maintain their immobility. 


SIMPL. 


As to their immoveablenesse, the arguments of Aristotle, and moreover those 
alledged by your self seem in my opinion necessarily to conclude the same, as 
yet; and I conceive it will be a hard matter to refute them. 


SALV. 


Come we therefore to the second Argument, which was, That those bodies, The 
answer to the second argument. which we are assured do move circularly, have 
more than one motion, unlesse it be the Primum Mobile; and therefore, if the 


Earth did move circularly, it ought to have two motions; from which alterations 
would follow in the rising and setting of the Fixed Stars: Which effect is not 
perceived to ensue. Therefore, &c. The most proper and genuine answer to this 
Allegation is contained in the Argument it self; and even Aristotle puts it in our 
mouths, which it is impossible, Simplicius, that you should not have seen. 


SIMPL. 

I neither have seen it, nor do I yet apprehend it. 
SALV. 

This cannot be, sure, the thing is so very plain. 
SIMPL. 

I will with your leave, cast an eye upon the Text. 
SAGR. 

We will command the Text to be brought forthwith. 
SIMPL. 


I alwayes carry it about with me: See here it is, and I know the place perfectly 
well, which is in lib. 2. De Coelo, ca. Here it is, Text 97. Preterea omnia, quae 
feruntur latione circulari subdeficere videntur, ac moveri pluribus una latione, 
praeter primam Sphaeram; quare & Terram necessariam est, sive circa medium, 
sive in medio posita feratur, duabus moveri lationibus. Si autem hoc acciderit, 
necessariam est fieri mutationes, ac conversiones fixorum astrorum. Hoc autem 
non videtur fieri, sed semper eadem, apud eadem loca ipsius, & oriuntur, & 
occidunt. [In English thus: ] Furthermore all that are carried with circular 
motion, seem toSubdeficere. foreslow, and to move with more than one motion, 
except the first Sphere; wherefore it is necessary that the Earth move with two 
motions, whether it be carried about theOr Centre. middle, or placed in the 
middle. But if it be so, there would of necessity be alterations and conversions 
made amongst the fixed Stars. But no such thing is seen to be done, but the same 
Star doth alwayes rise and set in the same place. In all this I find not any falacy, 
and my thinks the argument is very forcible. 


SALV. 


And this new reading of the place hath confirmed me in the fallacy of the 
Sillogisme, and moreover, discovered another falsity. Therefore observe. The 
Positions, or if you will, Conclusions, which Aristotle endeavours to oppose, are 
two; one is that of those, who placing the Earth in the midst of the World, do 
make it move in it self about its own centre. The other is of those, who 
constituting it far from the middle, do make it revolve with a circular motion 
about the middle of the Universe. And both these Positions he conjointly 
impugneth with one and the same argument. Now I affirm that he is out in both 
the one and the other impugnation; and that his error against the first Position is 
an Equivoke or Paralogisme; Aristotles argument against the Earth motion, is 
defective in two things and his mistake touching the second is a false 
consequence. Let us begin with the first Assertion, which constituteth the Earth 
in the midst of the World, and maketh it move in it self about its own centre; and 
let us confront it with the objection of Aristotle; saying, All moveables, that 
move circularly, seem toThe same word which a little a ve I tendred stay behind, 
as a bowle when it meets with ul s. foreslow, and more with more than one Byas, 
except the first Sphere (that is the primum mobile) therefore the Earth moving 
about its own centre, being placed in the middle, must of necessity have two 
byasse, and foreslow. But if this were so, it would follow, that there should be a 
variation in the rising and setting of the fixed Stars, which we do not perceive to 
be done: Therefore the Earth doth not move, &c. Here is the Paralogisme, and to 
discover it, I will argue with Aristotle in this manner. Thou saist, oh Aristotle, 
that the Earth placed in the middle of the World, cannot move in it self (i. e. 
upon its own axis) for then it would be requisite to allow it two byasses; so that, 
if it should not be necessary to allow it more than one Byas onely, thou wouldest 
not then hold it impossible for it to move onely with that one; for thou would’st 
unnecessarily have confined the impossibility to the plurality of byasses, if in 
case it had no more but one, yet it could not move with that. And because that of 
all the moveables in the World, thou makest but one alone to move with one sole 
byas; and all the rest with more than one; and this same moveable thou affirmest 
to be the first Sphere, namely, that by which all the fixed and erratick Stars seem 
harmoniously to move from East to West, if in case the Earth may be that first 
Sphere, that by moving with one byas onely, may make the Stars appear to move 
from East to West, thou wilt not deny them it: But he that affirmeth, that the 
Earth being placed in the midst of the World, moveth about its own Axis, 
ascribes unto it no other motion, save that by which all the Stars appear to move 
from East to West; and so it cometh to be that first Sphere, which thou thy self 


acknowledgest to move with but one byas onely. It is therefore necessary, oh 
Aristotle, if thou wilt conclude any thing, that thou demonstrate, that the Earth 
being placed in the midst of the World, cannot move with so much as one byas 
onely; or else, that much lesse can the first Sphere have one sole motion; for 
otherwise thou doest in thy very Sillogisme both commit the falacy, and detect 
it, denying, and at that very time proving the same thing. I come now to the 
second Position, namely, of those who placing the Earth far from the midst of 
the Universe, make it moveable about the same; that is, make it a Planet and 
erratick Star; against which the argument is directed, and as to form is 
concludent, but faileth in matter. For it being granted, that the Earth doth in that 
manner move, and that with two byasses, yet doth it not necessarily follow that 
though it were so, it should make alterations in the risings and settings of the 
fixed Stars, as I shall in its proper place declare. And here I could gladly excuse 
Aristotle; rather I could highly applaud him for having light upon the most subtil 
argument that could be produced against the Copernican Hypothesis; and if the 
objection be ingenious, and to outward appearance most powerful, you may see 
how much more acute and ingenious the solution must be, and not to be found 
by a wit lesse piercing than that of Copernicus; and again from the difficulty in 
understanding it, you may argue the so much greater difficulty in finding it. But 
let us for the present suspend our answer, which you shall understand in due 
time and place, after we have repeated the objection of Aristotle, and that in his 
favour, much strengthened. Now passe we to Aristotles third Argument, The 
answer to the third argument. touching which we need give no farther reply, it 
having been sufficiently answered betwixt the discourses of yesterday and to 
day: In as much as he urgeth, that the motion of grave bodies is naturally by a 
right line to the centre; and then enquireth, whether to the centre of the Earth, or 
to that of the Universe, and concludeth that they tend naturally to the centre of 
the Universe, but accidentally to that of the Earth. Therefore we may proceed to 
the fourth, The answer to the fourth argument. upon which its requisite that we 
stay some time, by reason it is founded upon that experiment, from whence the 
greater part of the remaining arguments derive all their strength. Aristotle saith 
therefore, that it is a most convincing argument of the Earths immobility, to see 
that projections thrown or shot upright, return perpendicularly by the same line 
unto the same place from whence they were shot or thrown. And this holdeth 
true, although the motion be of a very great height; which could never come to 
passe, did the Earth move: for in the time that the projected body is moving 
upwards and downwards in a state of separation from the Earth, the place from 
whence the motion of the projection began, would be past, by means of the 
Earths revolution, a great way towards the East, and look how great that space 


was, so far from that place would the projected body in its descent come to the 
ground. So that hither may be referred the argument taken from a bullet shot 
from a Canon directly upwards; as also that other used by Aristotle and Ptolomy, 
of the grave bodies that falling from on high, are observed to descend by a direct 
and perpendicular line to the surface of the Earth. Now that I may begin to unite 
these knots, I demand of Simplicius that in case one should deny to Ptolomy and 
Aristotle that weights in falling freely from on high, descend by a right and 
perpendicular line, that is, directly to the centre, what means he would use to 
prove it? 


SIMPL. 


The means of the senses; the which assureth us, that that Tower or other altitude, 
is upright and perpendicular, and sheweth us that that stone, or other grave body, 
doth slide along the Wall, without inclining a hairs breadth to one side or 
another, and light at the foot thereof just under the place from whence it was let 
fall. 


SALV. 


But if it should happen that the Terrestrial Globe did move round, and 
consequently carry the Tower also along with it, and that the stone did then also 
grate and slide along the side of the Tower, what must its motion be then? 


SIMPL. 


In this case we may rather say its motions: for it would have one wherewith to 
descend from the top of the Tower to the bottom, and should necessarily have 
another to follow the course of the said Tower. 


SALV. 


So that its motion should be compounded of two, to wit, of that wherewith it 
measureth the Tower, and of that other wherewith it followeth the same: From 
which composition would follow, that the stone would no longer describe that 
simple right and perpendicular line, but one transverse, and perhaps not streight. 


SIMPL. 


I can say nothing of its non-rectitude, but this I know very well, that it would of 
necessity be transverse, and different from the other directly perpendicular, 
which it doth describe, the Earth standing still. 


SALV. 


You see then, that upon the meer observing the falling stone to glide along the 
Tower, you cannot certainly affirm that it describeth a line which is streight and 
perpendicular, unless you first suppose that the Earth standeth still. 


SIMPL. 


True; for if the Earth should move, the stones motion would be transverse, and 
not perpendicular. 


SALV. 

Behold then the Paralogism of Aristotle and Ptolomey to be evident and 
manifest, Th Paralogism of Aristotle and Ptolomey in supposing that for known, 
which is in question. and discovered by you your self, wherein that is supposed 
for known, which is intended to be demonstrated. 


SIMPL. 


How can that be? To me it appeareth that the Syllogism is rightly demonstrated 
without petitionem principii. 


SALV. 


You shall see how it is; answer me a little. Doth he not lay down the conclusion 
as unknown? 


SIMPL. 

Unknown; why otherwise the demonstrating it would be superfluous. 
SALV. 

But the middle term, ought not that to be known? 


SIMPL. 


Its necessary that it should; for otherwise it would be a proving ignotum per 
aeque ignotum. 


SALV. 


Our conclusion which is to be proved, and which is unknown, is it not the 
stability of the Earth? 


SIMPL. 
It is the same. 
SALV. 


The middle term, which ought to be known, is it not the streight and 
perpendicular descent of the stone? 


SIMPL. 
It is so. 
SALV. 


But was it not just now concluded, that we can have no certain knowledg 
whether that same shall be direct and perpendicular, unless we first know that 
the Earth stands still? Therefore in your Syllogism the certainty of the middle 
term is assumed from the uncertainty of the conclusion. You may see then, what 
and how great the Paralogism is. 


SAGR. 


I would, in favour of Simplicius, defend Aristotle if it were possible, or at least 
better satisfie my self concerning the strength of your illation. You say, that the 
seeing the stone rake along the Tower, is not sufficient to assure us, that its 
motion is perpendicular (which is the middle term of the Syllogism) unless it be 
presupposed, that the Earth standeth still, which is the conclusion to be proved: 
For that if the Tower did move together with the Earth, and the stone did slide 
along the same, the motion of the stone would be transverse, and not 
perpendicular. But I shall answer, that should the Tower move, it would be 


impossible that the stone should fail gliding along the side of it; and therefore 
from its falling in that manner the stability of the Earth is inferred. 


SIMPL. 


It is so; for if you would have the stone in descending to grate upon the Tower, 
though it were carried round by the Earth, you must allow the stone two natural 
motions, to wit, the straight motion towards the Centre, and the circular about 
the Centre, the which is impossible. 


SALV. 


Aristotles defense then consisteth in the impossibilitie, or at least in his 
esteeming it an impossibility, that the stone should move with a motion mixt of 
right and circular: for if he did not hold it impossible that the stone could move 
to the Centre, and about the Centre at once, he must have understood, that it 
might come to pass that the cadent stone might in its descent, race the Tower as 
well when it moved as when it stood still; and consequently he must have 
perceived, that from this grating nothing could be inferred touching the mobility 
or immobility of the Earth. But this doth not any way excuse Aristotle; aswell 
because he ought to have exprest it, if he had had such a conceit, it being so 
material a part of his Argument; as also because it can neither be said that such 
an effect is impossible, nor that Aristotle did esteem it so. The first cannot be 
affirmed, for that by and by I shall shew that it is not onely possible, but 
necessary: nor much less can the second be averred, Aristotle admitteth that the 
Fire moveth directly upwards by nature, and round abent by participation. for 
that Aristotle himself granteth fire to move naturally upwards in a right line, and 
to move about with the diurnal motion, imparted by Heaven to the whole 
Element of Fire, and the greater part of the Air: If therefore he held it not 
impossible to mix the right motion upwards, with the circular communicated to 
the Fire and Air from the concave of the Moon, much less ought he to account 
impossible the mixture of the right motion downwards of the stone, with the 
circular which we presuppose natural to the whole Terrestrial Globe, of which 
the stone is a part. 


SIMPL. 


I see no such thing: for if the element of Fire revolve round together with the 
Air, it is a very easie, yea a necessary thing, that a spark of fire which from the 


Earth mounts upwards, in passing thorow the moving air, should receive the 
same motion, being a body so thin, light, and easie to be moved: but that a very 
heavy stone, or a Canon bullet, that descendeth from on high, and that is at 
liberty to move whither it will, should suffer it self to be transported either by the 
air or any other thing, is altogether incredible. Besides that, we have the 
Experiment, which is so proper to our purpose, of the stone let fall from the 
round top of the Mast of a ship, which when the ship lyeth still, falleth at the 
Partners of the Mast; but when the ship saileth, falls so far distant from that 
place, by how far the ship in the time of the stones falling had run forward; 
which will not be a few fathoms, when the ships course is swift. 


SALV. 


There is a great disparity between the case of the Ship and that of the Earth, The 
disparity between the fall of a stone from the round top of a ship, and from the 
top of a tower. if the Terrestrial Globe be supposed to have a diurnal motion. For 
it is a thing very manifest, that the motion of the Ship, as it is not natural to it, so 
the motion of all those things that are in it is accidental, whence it is no wonder 
that the stone which was retained in the round top, being left at liberty, 
descendeth downwards without any obligation to follow the motion of the Ship. 
But the diurnal conversion is ascribed to the Terrestrial Globe for its proper and 
natural motion, and consequently, it is so to all the parts of the said Globe; and, 
as being impress’d by nature, is indelible in them; and therefore that stone that is 
on the top of the Tower hath an intrinsick inclination of revolving about the 
Centre of its Whole in twenty four hours, and this same natrual instinct it 
exerciseth eternally, be it placed in any state whatsoever. And to be assured of 
the truth of this, you have no more to do but to alter an antiquated impression 
made in your mind; and to say, Like as in that I hitherto holding it to be the 
property of the Terrestrial Globe to rest immoveable about its Centre, did never 
doubt or question but that all whatsoever particles thereof do also naturally 
remain in the same state of rest: So it is reason, in case the Terrestrial Globe did 
move round by natural instinct in twenty four hours, that the intrinsick and 
natural inclination of all its parts should also be, not to stand still, but to follow 
the same revolution. And thus without running into any inconvenience, one may 
conclude, that in regard the motion conferred by the force ofThat you may not 
suspect my translation, or wonder what Oars have to do with a ship, you are to 
know that the Author intends the Gallies used in the Mediterrane. Oars on the 
Ship, and by it on all the things that are contained within her, is not natural but 
forreign, it is very reasonable that that stone, it being separated from the ship, do 


reduce its self to its natural disposure, and return to exercise its pure simple 
instinct given it by nature. The part of the Air inferiour to the higher mountains 
doth follow the motion of the Earth. To this I add, that it’s necessary, that at least 
that part of the Air which is beneath the greater heights of mountains, should be 
transported and carried round by the roughness of the Earths surface; or that, as 
being mixt with many Vapours, and terrene Exhalations, it do naturally follow 
the diurnal motion, which occurreth not in the Air about the ship rowed by Oars: 
So that your arguing from the ship to the Tower hath not the force of an illation; 
because that stone which falls from the round top of the Mast, entereth into a 
medium, which is unconcern’d in the motion of the ship: but that which 
departeth from the top of the Tower, finds a medium that hath a motion in 
common with the whole Terrestrial Globe; so that without being hindred, rather 
being assisted by the motion of the air, it may follow the universal course of the 
Earth. 


SIMPL. 


I cannot conceive that the air can imprint in a very great stone, The motion of the 
Air apt to carry with it light things but not heavy. or in a gross Globe of Wood or 
Ball of Lead, as suppose of two hundred weight, the motion wherewith its self is 
moved, and which it doth perhaps communicate to feathers, snow, and other 
very light things: nay, I see that a weight of that nature, being exposed to any the 
most impetuous wind, is not thereby removed an inch from its place; now 
consider with your self whether the air will carry it along therewith. 


SALV. 


There is great difference between your experiment and our case. You introduce 
the wind blowing against that stone, supposed in a state of rest, and we expose to 
the air, which already moveth, the stone which doth also move with the same 
velocity; so that the air is not to conferr a new motion upon it, but onely to 
maintain, or to speak better, not to hinder the motion already acquired: you 
would drive the stone with a strange and preternatural motion, and we desire to 
conserve it in its natural. If you would produce a more pertinent experiment, you 
should say, that it is observed, if not with the eye of the forehead, yet with that of 
the mind, what would evene, if an eagle that is carried by the course of the wind, 
should let a stone fall from its talons; which, in regard that at its being let go, it 
went along with the wind, and after it was let fall it entered into a medium that 
moved with equal velocity, I am very confident that it would not be seen to 


descend in its fall perpendicularly, but that following the course of the wind, and 
adding thereto that of its particular gravity, it would move with a transverse 
motion. 


SIMPL. 


But it would first be known how such an experiment may be made; and then one 
might judg according to the event. In the mean time the effect of the ship doth 
hitherto incline to favour our opinion. 


SALV. 


Well said you hitherto, for perhaps it may anon change countenance. And that I 
may no longer hold you in suspense, tell me, Simplicius, do you really believe, 
that the Experiment of the ship squares so very well with our purpose, as that it 
ought to be believed, that that which we see happen in it, ought also to evene in 
the Terrestrial Globe? 


SIMPL. 


As yet I am of that opinion; and though you have alledged some small 
disparities, I do not think them of so great moment, as that they should make me 
change my judgment. 


SALV. 


I rather desire that you would continue therein, and hold for certain, that the 
effect of the Earth would exactly answer that of the ship: provided, that when it 
shall appear prejudicial to your cause, you would not be humorous and alter your 
thoughts. You may haply say, Forasmuch as when the ship stands still, the stone 
falls at the foot of the Mast, and when she is under sail, it lights far from thence, 
that therefore by conversion, from the stones falling at the foot is argued the 
ships standing still, and from its falling far from thence is argued her moving; 
and because that which occurreth to the ship, ought likewise to befall the Earth: 
that therefore from the falling of the stone at the foot of the Tower is necessarily 
inferred the immobility of the Terrestrial Globe. Is not this your argumentation? 


SIMPL. 


It is, and reduced into that conciseness, as that it is become most easie to be 
apprehended. 


SALV. 


Now tell me; if the stone let fall from the Roundtop, when the ship is in a swift 
course, should fall exactly in the same place of the ship, in which it falleth when 
the ship is at anchor, what service would these experiments do you, in order to 
the ascertaining whether the vessel doth stand still or move? 


SIMPL. 


Just none: Like as, for exemple, from the beating of the pulse one cannot know 
whether a person be asleep or awake, seeing that the pulse beateth after the same 
manner in sleeping as in waking. 


SALV. 
Very well. Have you ever tryed the experiment of the Ship? 
SIMPL. 


I have not; but yet I believe that those Authors which alledg the same, have 
accurately observed it; besides that the cause of the disparity is so manifestly 
known, that it admits of no question. 


SALV. 


That it is possible that those Authors instance in it, without having made tryal of 
it, you your self are a good testimony, that without having examined it, alledg it 
as certain, and in a credulous way remit it to their authority; as it is now not 
onely possible, but very probable that they likewise did; I mean, did remit the 
same to their Predecessors, without ever arriving at one that had made the 
experiment: for whoever shall examine the same, shall find the event succeed 
quite contrary to what hath been written of it: that is, he shall see the stone fall at 
all times in the same place of the Ship, whether it stand still, or move with any 
whatsoever velocity. The stone falling from the Mast of a ship lights in the same 
place, whether the ship doth move or ly still. So that the same holding true in the 
Earth, as in the Ship, one cannot from the stones falling perpendicularly at the 
foot of the Tower, conclude any thing touching the motion or rest of the Earth. 


SIMPL. 


If you should refer me to any other means than to experience, I verily believe 
our Disputations would not come to an end in haste; for this seemeth to me a 
thing so remote from all humane reason, as that it leaveth not the least place for 
credulity or probability. 


SALV. 
And yet it hath left place in me for both. 
SIMPL. 


How is this? You have not made an hundred, no nor one proof thereof, and do 
you so confidently affirm it for true? I for my part will return to my incredulity, 
and to the confidence I had that the Experiment hath been tried by the principal 
Authors who made use thereof, and that the event succeeded as they affirm. 


SALV. 


I am assured that the effect will ensue as I tell you; for so it is necessary that it 
should: and I farther add, that you know your self that it cannot fall out 
otherwise, however you feign or seem to feign that you know it not. Yet I am so 
good at taming of wits, that I will make you confess the same whether you will 
or no. But Sagredus stands very mute, and yet, if I mistake not, I saw him make 
an offer to speak somewhat. 


SAGR. 


I had an intent to say something, but to tell you true, I know not what it was; for 
the curiosity that you have moved in me, by promising that you would force 
Simplicius to discover the knowledg which he would conceal from us, hath 
made me to depose all other thoughts: therefore I pray you to make good your 
vaunt. 


SALV. 


Provided that Simplicius do consent to reply to what I shall ask him, I will not 
fail to do it. 


SIMPL. 


I will answer what I know, assured that I shall not be much put to it, for that of 
those things which I hold to be false, I think nothing can be known, in regard 
that Science respecteth truths and not falshoods. 


SALV. 


I desire not that you should say or reply, that you know any thing, save that 
which you most assuredly know. Therefore tell me; If you had here a flat 
superficies as polite as a Looking-glass, and of a substance as hard as steel, and 
that it were not paralel to the Horizon, but somewhat inclining, and that upon it 
you did put a Ball perfectly spherical, and of a substance grave and hard, as 
suppose of brass; what think you it would do being let go? do not you believe (as 
for my part I do) that it would lie still? 


SIMPL. 

If that superficies were inclining? 
SALV. 

Yes; for so I have already supposed. 
SIMPL. 


I cannot conceive how it should lie still: nay, I am confident that it would move 
towards the declivity with much propensness. 


SALV. 


Take good heed what you say, Simplicius, for I am confident that it would lie 
still in what ever place you should lay it. 


SIMPL. 


So long as you make use of such suppositions, Salvictus, I shall cease to wonder 
if you inferr most absurd conclusions. 


SALV. 


Are you assured, then, that it would freely move towards the declivity? 
SIMPL. 

Who doubts it? 

SALV. 


And this you verily believe, not because I told you so, (for I endeavoured to 
perswade you to think the contrary) but of your self, and upon your natural 
judgment. 


SIMPL. 


Now I see what you would be at; you spoke not this as really believing the same; 
but to try me, and to wrest matter out of my own mouth wherewith to condemn 
me. 


SALV. 


You are in the right. And how long would that Ball move, and with what 
velocity? But take notice that I instanced in a Ball exactly round, and a plain 
exquisitely polished, that all external and accidental impediments might be taken 
away. And so would I have you remove all obstructions caused by the Airs 
resistance to division, and all other casual obstacles, if any other there can be. 


SIMPL. 


I very well understand your meaning, and as to your demand, I answer, that the 
Ball would continue to move in infinitum, if the inclination of the plain should 
so long last, and continually with an accelerating motion; for such is the nature 
of ponderous moveables, that vires acquirant eundo: and the greater the declivity 
was, the greater the velocity would be. 


SALV. 


But if one should require that that Ball should move upwards on that same 
superficies, do you believe that it would so do? 


SIMPL. 


Not spontaneously; but being drawn, or violently thrown, it may. 
SALV. 


And in case it were thrust forward by the impression of some violent impetus 
from without, what and how great would its motion be? 


SIMPL. 


The motion would go continually decreasing and retarding, as being contrary to 
nature; and would be longer or shorter, according to the greater or less impulse, 
and according to the greater or less acclivity. 


SALV. 


It seems, then, that hitherto you have explained to me the accidents of a 
moveable upon two different Planes; and that in the inclining plane, the grave 
moveable doth spontaneously descend, and goeth continually accelerating, and 
that to retain it in rest, force must be used therein: but that on the ascending 
plane, there is required a force to thrust it forward, and also to stay it in rest, and 
that the motion impressed goeth continually diminishing, till that in the end it 
cometh to nothing. You say yet farther, that in both the one and the other case, 
there do arise differences from the planes having a greater or less declivity or 
acclivity; so that the greater inclination is attended with the greater velocity; and 
contrariwise, upon the ascending plane, the same moveable thrown with the 
same force, moveth a greater distance, by how much the elevation is less. Now 
tell me, what would befall the same moveable upon a superficies that had neither 
acclivity nor declivity? 


SIMPL. 


Here you must give me a little time to consider of an answer. There being no 
declivity, there can be no natural inclination to motion: and there being no 
acclivity, there can be no resistance to being moved; so that there would arise an 
indifference between propension and resistance of motion; therefore, methinks it 
ought naturally to stand still. But I had forgot my self: it was but even now that 
Sagredus gave me to understand that it would so do. 


SALV. 


So I think, provided one did lay it down gently: but if it had an impetus given it 
towards any part, what would follow? 


SIMP. 
There would follow, that it should move towards that part. 
SALV. 


But with what kind of motion? with the continually accelerated, as in declining 
planes; or with the successively retarded, as in those ascending. 


SIMP. 


I cannot tell how to discover any cause of acceleration, or retardation, there 
being no declivity or acclivity. 


SALV. 


Well: but if there be no cause of retardation, much less ought there to be any 
cause of rest. How long therefore would you have the moveable to move? 


SIMP. 
As long as that superficies, neither inclined nor declined shall last. 
SALV. 


Therefore if such a space were interminate, the motion upon the same would 
likewise have no termination, that is, would be perpetual. 


SIMP. 
I think so, if so be the moveable be of a matter durable. 
SALV. 


That hath been already supposed, when it was said, that all external and 
accidental impediments were removed, and the brittlenesse of the moveable in 
this our case, is one of those impediments accidental. Tell me now, what do you 


think is the cause that that same Ball moveth spontaneously upon the inclining 
plane, and not without violence upon the erected? 


SIMP. 


Because the inclination of grave bodies is to move towards the centre of the 
Earth, and onely by violence upwards towards the circumference; and the 
inclining superficies is that which acquireth vicinity to the centre, and the 
ascending one, remotenesse. 


SALV. 


Therefore a superficies, which should be neither declining nor ascending, ought 
in all its parts to be equally distant from the centre. But is there any such 
superficies in the World? 


SIMP. 


There is no want thereof: Such is our Terrestrial Globe, if it were more even, and 
not as it is rough and montainous; but you have that of the Water, at such time as 
it is calm and still. 


SALV. 


Then a ship which moveth in a calm at Sea, is one of those moveables, which 
run along one of those superficies that are neither declining nor ascending, and 
therefore disposed, in case all obstacles external and accidental were removed, to 
move with the impulse once imparted incessantly and uniformly. 


SIMPL. 
It should seem to be so. 
SALV. 


And that stone which is on the round top, doth not it move, as being together 
with the ship carried about by the circumference of a Circle about the Centre; 
and therefore consequently by a motion in it indelible, if all extern obstacles be 
removed? And is not this motion as swift as that of the ship. 


SIMPL. 
Hitherto all is well. But what followeth? 
SALV. 


Then in good time recant, I pray you, that your last conclusion, if you are 
satisfied with the truth of all the premises. 


SIMPL. 


By my last conclusion, you mean, That that same stone moving with a motion 
indelibly impressed upon it, is not to leave, nay rather is to follow the ship, and 
in the end to light in the self same place, where it falleth when the ship lyeth 
still; and so I also grant it would do, in case there were no outward impediments 
that might disturb the stones motion, after its being let go, the which 
impediments are two, the one is the moveables inability to break through the air 
with its meer impetus onely, it being deprived of that of the strength of Oars, of 
which it had been partaker, as part of the ship, at the time that it was upon the 
Mast; the other is the new motion of descent, which also must needs be an 
hinderance of that other progressive motion. 


SALV. 


As to the impediment of the Air, I do not deny it you; and if the thing falling 
were a light matter, as a feather, or a lock of wool, the retardation would be very 
great, but in an heavy stone is very exceeding small. And you your self but even 
now did say, that the force of the most impetuous wind sufficeth not to stir a 
great stone from its place; now do but consider what the calmer air is able to do, 
being encountred by a stone no more swift than the whole ship. Neverthelesse, 
as I said before, I do allow you this small effect, that may depend upon such an 
impediment; like as I know, that you will grant to me, that if the air should move 
with the same velocity that the ship and stone hath, then the impediment would 
be nothing at all. As to the other of the additional motion downwards; in the first 
place it is manifest, that these two, I mean the circular, about the centre, and the 
streight, towards the centre, are not contraries, or destructive to one another, or 
incompatible. Because that as to the moveable, it hath no repugnance at all to 
such motions, for you your self have already confest the repugnance to be 
against the motion which removeth from the centre, and the inclination to be 
towards the motion which approacheth to the centre. Whence it doth of necessity 


follow, that the moveable hath neither repugnance, nor propension to the motion 
which neither approacheth, nor goeth from the centre, nor consequently is there 
any cause for the diminishing in it the faculty impressed. And forasmuch as the 
moving cause is not one alone, which it hath attained by the new operation of 
retardation; but that they are two, distinct from each other, of which, the gravity 
attends only to the drawing of the moveable towards the centre, and the vertue 
impress’t to the conducting it about the centre, there remaineth no occasion of 
impediment. 


SIMPL. 


Your argumentation, to give you your due, is very probable; but in reality it is 
invelloped with certain intricacies, that are not easie to be extricated. You have 
all along built upon a supposition, The project according to Aristotle, is not 
moved by vertue impressed, but by the medium. which the Peripatetick Schools 
will not easily grant you, as being directly contrary to Aristotle, and it is to take 
for known and manifest, That the project separated from the projicient, 
continueth the motion by vertue impressed on it by the said projicient, which 
vertue impressed is a thing as much detested in Peripatetick Philosophy, as the 
passage of any accident from one subject into another. Which doctrine doth hold, 
as I believe it is well known unto you, that the project is carried by the medium, 
which in our case happeneth to be the Air. And therefore if that stone let fall 
from the round top, ought to follow the motion of the ship, that effect should be 
ascribed to the Air, and not to the vertue impressed. But you presuppose that the 
Air doth not follow the motion of the ship, but is tranquil. Moreover, he that 
letteth it fall, is not to throw it, or to give it impetus with his arm, but ought 
barely to open his hand and let it go; and by this means, the stone, neither 
through the vertue impressed by the projicient, nor through the help of the Air, 
shall be able to follow the ships motion, and therefore shall be left behind. 


SALV. 


I think then that you would say, that if the stone be not thrown by the arm of that 
person, it is no longer a projection. 


SIMPL. 
It cannot be properly called a motion of projection. 


SALV. 


So then that which Aristotle speaks of the motion, the moveable, and the mover 
of the projects, hath nothing to do with the businesse in hand; and if it concern 
not our purpose, why do you alledg the same? 


SIMP. 


I produce it on the oceasion of that impressed vertue, named and introduced by 
you, which having no being in the World, can be of no force; for non-entium 
nullae sunt operationes; and therefore not onely of projected, but of all other 
preternatural motions, the moving cause ought to be ascribed to the medium, of 
which there hath been no due consideration had; and therefore all that hath been 
said hitherto is to no purpose. 


SALV. 


Go to now, in good time. But tell me, seeing that your instance is wholly 
grounded upon the nullity of the vertue impressed, if I shall demonstrate to you, 
that the medium hath nothing to do in the continuation of projects, after they are 
separated from the projicient, will you admit of the impressed vertue, or will you 
make another attempt to overthrow it? 


SIMP. 


The operation of the medium being removed, I see not how one can have 
recourse to any thing else save the faculty impressed by the mover. 


SALV. 


It would be well, for the removing, as much as is possible, the occasions of 
multiplying contentions, that you would explain with as much distinctnesse as 
may be, what is that operation of the medium in continuing the motion of the 
project. Operation of the medium in continuing the motion of the project. 


SIMP. 


The projicient hath the stone in his hand, and with force and violence throws his 
arm, with which jactation the stone doth not move so much as the circumambient 
Air; so that when the stone at its being forsaken by the hand, findeth it self in the 
Air, which at the same time moveth with impetousity, it is thereby born away; 


for, if the air did not operate, the stone would fall at the foot of the projicient or 
thrower. 


SALV. 


And was you so credulous, Many experiments, and reasons against the cause of 
the motion of projects, assigned by Aristotle. as to suffer your self to be 
perswaded to believe these fopperies, so long as you had your senses about you 
to confute them, and to understand the truth thereof? Therefore tell me, that great 
stone, and that Canon bullet, which but onely laid upon a table, did continue 
immoveable against the most impetuous winds, according as you a little before 
did affirm, if it had been a ball of cork or other light stuffe, think you that the 
wind would have removed it from its place? 


SIMP. 


Yes, and I am assured that it would have blown it quite away, and with so much 
more velocity, by how much the matter was lighter, for upon this reason we see 
the clouds to be transported with a velocity equal to that of the wind that drives 
them. 

SALV. 

And what is the Wind? 

SIMP. 

The Wind is defined to be nothing else but air moved. 


SALV. 


Then the moved air doth carry light things more swiftly, and to a greater 
distance, then it doth heavy. 


SIMP. 
Yes certainly. 


SALV. 


But if you were to throw with your arm a stone, and a lock of cotton wool, which 
would move swiftest and farthest? 


SIMP. 
The stone by much; nay the wool would fall at my feet. 
SALV. 


But, if that which moveth the projected substance, after it is delivered from the 
hand, be no other than the air moved by the arm, and the moved air do more 
easily bear away light than grave matters, how cometh it that the project of wool 
flieth not farther, and swifter than that of stone? Certainly it argueth that the 
stone hath some other impulse besides the motion of the air. Furthermore, if two 
strings of equal length did hang at yonder beam, and at the end of one there was 
fastened a bullet of lead, and a ball of cotton wool at the other, and both were 
carried to an equal distance from the perpendicular, and then let go; it is not to 
be doubted, but that both the one and the other would move towards the 
perpendicular, and that being carried by their own impetus, they would go a 
certain space beyond it, and afterwards return thither again. But which of these 
two pendent Globes do you think, would continue longest in motion, before that 
it would come to rest in its perpendicularity? 


SIMP. 


The ball of lead would swing to and again many times, and that of wool but two 
or three at the most. 


SALV. 


So that the impetus and that mobility whatsoever is the cause thereof, would 
conserve its self longer in grave substances, than light; I proceed now to another 
particular, and demand of you, why the air doth not carry away that Lemon 
which is upon that same Table? 


SIMP. 
Because that the air it self is not moved 


SALV. 


It is requisite then, that the projicient do confer motion on the Air, with which it 
afterward moveth the project. But if such a motion cannot be impressed [i. e. 
imparted] it being impossible to make an accident passe out of one subject into 
another, how can it passe from the arm into the Air? Will you say that the Air is 
not a subject different from the arm? 


SIMP. 


To this it is answered that the Air, in regard it is neither heavy nor light in its 
own Region, is disposed with facility to receive every impulse, and also to retain 
the same. 


SALV. 


But if those penduli even now named, did prove unto us, that the moveable, the 
lesse it had of gravity, the lesse apt it was to conserve its motion, how can it be 
that the Air which in the Air hath no gravity at all, doth of it self alone retain the 
motion acquired? I believe, and know that you by this time are of the same 
opinion, that the arm doth not sooner return to rest, than doth the circumambient 
Air. Let’s go into the Chamber, and with a towel let us agitate the Air as much as 
we can, and then holding the cloth still, let a little candle be brought, that was 
lighted in the next room, or in the same place let a leaf of beaten Gold be left at 
liberty to flie any way, and you shall by the calm vagation of them be assured 
that the Air is immediately reduced to tranquilty. I could alledg many other 
experiments to the same purpose, but if one of these should not suffice, I should 
think your folly altogether incurable. 


SAGR. 


When an arrow is shot against the Wind, how incredible a thing is it, that that 
same small filament of air, impelled by the bowstring, should in despite of fate 
go along with the arrow? But I would willingly know another particular of 
Aristotle, to which I intreat Simplicius would vouchsafe me an answer. 
Supposing that with the same Bow there were shot two arrows, one just after the 
usual manner, and the other sidewayes, placing it longwayes upon the 
Bowstring, and then letting it flie, I would know which of them would go 
farthest. Favour me, I pray you with an answer, though the question may seem to 
you rather ridiculous than otherwise; and excuse me, for that I, who am, as you 
see, rather blockish, than not, can reach no higher with my speculative faculty. 


SIMPL. 


I have never seen an arrow shot in that manner, yet neverthelesse I believe, that 
it would not flie sidelong, the twentieth part of the space that it goeth endwayes. 


SAGR. 


And for that I am of the same opinion, hence it is, that I have a doubt risen in 
me, whether Aristotle doth not contradict experience. For as to experience, if I 
lay two arrows upon this Table, in a time vvhen a strong Wind blovveth, one 
tovvards the course of the wind, and the other sidelong, the wind will quickly 
carry away this later, and leave the other where it was; and the same to my 
seeming, ought to happen, if the Doctrine of Aristotle were true, of those two 
shot out of a Bow: forasmuch as the arrow shot sideways is driven by a great 
quantity of Air, moved by the bowstring, to wit by as much as the said string is 
long, whereas the other arrow receiveth no greater a quantity of air, than the 
small circle of the strings thickness. And I cannot imagine what may be the 
reason of such a difference, but would fain know the same. 


SIMP. 


The cause seemeth to me sufficiently manifest; and it is, because the arrow shot 
endways, hath but a little quantity of air to penetrate, and the other is to make its 
way through a quantity as great as its whole length. 


SALV. 


Then it seems the arrows shot, are to penetrate the air? but if the air goeth along 
with them, yea, is that which carrieth them, what penetration can they make 
therein? Do you not see that, in this case, the arrow would of necessity move 
with greater velocity than the air? and this greater velocity, what doth confer it 
on the arrow? Will you say the air giveth them a velocity greater than its own? 
Know then, Simplicius, that the business proceeds quite contrary to that which 
Aristotle saith, The medium doth impede and not confer the motion of projects. 
and that the medium conferreth the motion on the project, is as false, as it is true, 
that it is the onely thing which procureth its obstruction; and having known this, 
you shall understand without finding any thing whereof to make question, that if 
the air be really moved, it doth much better carry the dart along with it 
longways, than endways, for that the air which impelleth it in that posture, is 
much, and in this very little. But shooting with the Bow, forasmuch as the air 


stands still, the transverse arrow, being to force its passage through much air, 
comes to be much impeded, and the other that was nock’t easily overcometh the 
obstruction of the small quantity of air, which opposeth it self thereto. 


SALV. 


How many Propositions have I observed in Aristotle, (meaning still in Natural 
Philosophy) that are not onely false, but false in such sort, that its diametrical 
contrary is true, as it happens in this case. But pursuing the point in hand, I think 
that Simplicius is perswaded, that, from seeing the stone always to fall in the 
same place, he cannot conjecture either the motion or stability of the Ship: and if 
what hath been hitherto spoken, should not suffice, there is the Experiment of 
the medium which may thorowly assure us thereof; in which experiment, the 
most that could be seen would be, that the cadent moveable might be left behind, 
if it were light, and that the air did not follow the motion of the ship: but in case 
the air should move with equal velocity, no imaginable diversity could be found 
either in this, or any other experiment whatsoever, as I am anon to tell you. Now 
if in this case there appeareth no difference at all, what can be pretended to be 
seen in the stone falling from the top of the Tower, where the motion in gyration 
is not adventitious, and accidental, but natural and eternal; and where the air 
exactly followeth the motion of the Tower, and the Tower that of the Terrestrial 
Globe? have you any thing else to say, Simplicius, upon this particular? 


SIMP. 
No more but this, that I see not the mobility of the Earth as yet proved. 
SALV. 


Nor have I any intention at this time, but onely to shew, that nothing can be 
concluded from the experiments alledged by our adversaries for convincing 
Arguments: as I think I shall prove the others to be. 


SAGR. 


I beseech you, Salviatus, before you proceed any farther, to permit me to start 
certain questions, which have been rouling in my fancy all the while that you 
with so much patience and equanimity, was minutely explaining to Simplicius 
the experiment of the Ship. 


SALV. 


We are here met with a purpose to dispute, and it’s fit that every one should 
move the difficulties that he mets withall; for this is the way to come to the 
knowledg of the truth. Therefore speak freely. 


SAGR. 


If it be true, that the impetus wherewith the ship moves, doth remain indelibly 
impress’d in the stone, after it is let fall from the Mast; and if it be farther true, 
that this motion brings no impediment or retardment to the motion directly 
downwards, natural to the stone: An admirable accident in the motion of 
projects. it’s necessary, that there do an effect ensue of a very wonderful nature. 
Let a Ship be supposed to stand still, and let the time of the falling of a stone 
from the Masts Roundtop to the ground, be two beats of the pulse; let the Ship 
afterwards be under sail, and let the same stone depart from the same place, and 
it, according to what hath been premised, shall still take up the time of two 
pulses in its fall, in which time the ship will have run, suppose, twenty yards; so 
that the true motion of the stone will be a transverse line, considerably longer 
than the first straight and perpendicular line, which is the length of theBy the 
length of the mast he means the distance between the upperdeck and Roundtop. 
Mast, and yet nevertheless theLa palla. stone will have past it in the same time. 
Let it be farther supposed, that the Ships motion is much more accelerated, so 
that the stone in falling shall be to pass a transverse line much longer than the 
other; and in sum, increasing the Ships velocity as much as you will, the falling 
stone shall describe its transverse lines still longer and longer, and yet shall pass 
them all in those self same two pulses. And in this fashion, if a Canon were 
level’d on the top of a Tower, and shots were made therewith point blank, that is, 
paralel to the Horizon, let the Piece have a greater or less charge, so as that the 
ball may fall sometimes a thousand yards distant, sometimes four thousand, 
sometimes six, sometimes ten, &c. and all these shots shall curry or finish their 
ranges in times equal to each other, and every one equal to the time which the 
ball would take to pass from the mouth of the Piece to the ground, being left, 
without other impulse, to fall simply downwards in a perpendicular line. Now it 
seems a very admirable thing, that in the same short time of its falling 
perpendicularly down to the ground, from the height of, suppose, an hundred 
yards, the same ball, being thrust violently out of the Piece by the Fire, should be 
able to pass one while four hundred, another while a thousand, another while 


four, another while ten thousand yards, so as that the said ball in all shots made 
point blank, always continueth an equal time in the air. 


SALV. 


The consideration for its novelty is very pretty, and if the effect be true, very 
admirable: and of the truth thereof, I make no question: and were it not for the 
accidental impediment of the air, I verily believe, that, if at the time of the balls 
going out of the Piece, another were let fall from the same height directly 
downwards, they would both come to the ground at the same instant, though that 
should have curried ten thousand miles in its range, and this but an hundred 
onely: presupposing the surface of the Earth to be equal, which to be assured of, 
the experiment may be made upon some lake. As for the impediment which 
might come from the air, it would consist in retarding the extreme swift motion 
of the shot. Now, if you think fit, we will proceed to the solution of the other 
Objections, seeing that Simplicius (as far as I can see) is convinc’d of the nullity 
of this first, taken from things falling from on high downwards. 


SIMP. 


I find not all my scruples removed, but it may be the fault is my own, as not 
being of so easie and quick an apprehension as Sagredus. And it seems to me, 
that if this motion, of which the stone did partake whilst it was on the Roundtop 
of the Ships Mast, be, as you say, to conserve it self indelibly in the said stone, 
even after it is separated from the Ship, it would follow, that likewise in case any 
one, riding a horse that was upon his speed, should let a bowl drop out of his 
hand, that bowl being fallen to the ground would continue its motion and follow 
the horses steps, without tarrying behind him: the which effect, I believe, is not 
to be seen, unless when he that is upon the horse should throw it with violence 
that way towards which he runneth; but otherwise, I believe it will stay on the 
ground in the same place where it fell. 


SALV. 


I believe that you very much deceive your self, and am certain, that experience 
will shew you the contrary, and that the ball being once arrived at the ground, 
will run together with the horse, not staying behind him, unless so far as the 
asperity and unevenness of the Earth shall hinder it. And the reason seems to me 
very manifest: for if you, standing still, throw the said ball along the ground, do 


you think it would not continue its motion even after you had delivered it out of 
your hand? and that for so much a greater space, by how much the superficies 
were more smooth, so that v. g. upon ice it would run a great way? 


SIMP. 


There is no doubt of it, if I give it impetus with my arm; but in the other case it is 
supposed, that he who is upon the horse, onely drops it out of his hand. 


SALV. 


So I desire that it should be: but when you throw it with your arm, what other 
remaineth to the ball being once gone out of your hand, than the motion received 
from your arm, which motion being conserved in the boul, it doth continue to 
carry it forward? Now, what doth it import, that that impetus be conferred on the 
ball rather from the arm than from the horse? Whilst you were on horseback, did 
not your hand, and consequently the ball run as fast as the horse it self? 
Doubtless it did: therefore in onely opening of the hand, the ball departs with the 
motion already coceived, not from your arm, by your particular motion, but from 
the motion dependant on the said horse, which cometh to be communicated to 
you, to your arm, to your hand, and lastly to the ball. Nay, I will tell you farther, 
that if the rider upon his speed fling the ball with his arm to the part contrary to 
the course, it shall, after it is fallen to the ground, sometimes (albeit thrown to 
the contrary part) follow the course of the horse, and sometimes lie still on the 
ground; and shall onely move contrary to the said course, when the motion 
received from the arm, shall exceed that of the carrier in velocity. And it is a 
vanity, that of some, who say that a horseman is able to cast a javelin thorow the 
air, that way which the horse runs, and with the horse to follow and overtake the 
same; and lastly, to catch it again. It is, I say, a vanity, for that to make the 
project return into the hand, it is requisite to cast it upwards, in the same manner 
as if you stood still. For, let the carrier be never so swift, provided it be uniform, 
and the project not over-light, it shall always fall back again into the hand of the 
projicient, though never so high thrown. 


SAGR. 


By this Doctrine I come to know some Problems very curious upon this subject 
of projections; Sundry curious Problems, touching the motions of projects. the 
first of which must seem very strange to Simplicius. And the Problem is this; I 


affirm it to be possible, that the ball being barely dropt or let fall, by one that any 
way runneth very swiftly, being arrived at the Earth, doth not onely follow the 
course of that person, but doth much out go him. Which Problem is connexed 
with this, that the moveable being thrown by the projicient above the plane of 
the Horizon, may acquire new velocity, greater by far than that confer’d upon it 
by the projicient. The which effect I have with admiration observed, in looking 
upon those who use the sport of tops, which, so soon as they are set out of the 
hand, are seen to move in the air with a certain velocity, the which they 
afterwards much encrease at their coming to the ground; and if whipping them, 
they rub at any uneven place that makes them skip on high, they are seen to 
move very slowly through the air, and falling again to the Earth, they still come 
to move with a greater velocity: But that which is yet more strange, I have 
farther observed, that they not onely turn always more swiftly on the ground, 
than in the air, but of two spaces both upon the Earth, sometimes a motion in the 
second space is more swift than in the first. Now what would Simplicius say to 
this? 


SIMP. 


He would say in the first place, that he had never made such an observation. 
Secondly, he would say, that he did not believe the same. He would say again, in 
the third place, that if you could assure him thereof, and demonstratively 
convince him of the same, he would account you a great Daemon. 


SAGR. 


I hope then that it is one of the Socratick, not infernal ones. But that I may make 
you understand this particular, you must know, that if a person apprehend not a 
truth of himself, it is impossible that others should make him understand it: I 
may indeed instruct you in those things which are neither true nor false; but the 
true, that is, the necessary, namely, such as it is impossible should be otherwise, 
every common capacity either comprehendeth them of himself, or else it is 
impossible he should ever know them. And of this opinion I am confident is 
Salviatus also: and therefore I tell you, that the reasons of the present Problems 
are known by you, but it may be, not apprehended. 


SIMP. 


Let us, for the present, pass by that controversie, and permit me to plead 
ignorance of these things you speak of, and try whether you can make me 
capable of understanding these Problems. 

SAGR. 

This first dependeth upon another, which is, Whence cometh it, that setting a top 
with the lash, it runneth farther, and consequently with greater force, than when 
its set with the fingers? 

SIMP. 

Aristotle also makes certain Problems about these kinds of projects. 


SALV. 


He doth so; and very ingenious they are: particularly, That, Whence it cometh to 
pass that round tops run better than the square? 


SAGR. 


And cannot you, Simplicius, give a reason for this, without others prompting 
you? 


SIMP. 
Very good, I can so; but leave your jeering. 
SAGR. 


In like manner you do know the reason of this other Tell me therefore; know 
you that a thing which moveth, being impeded stands still? 


SIMP. 
I know it doth, if the impediment be so great as to suffice. 
SAGR. 


Do you know, that moving upon the Earth is a greater impediment to the 
moveable, than moving in the air, the Earth being rough and hard, and the air 


soft and yielding? 
SIMP. 


And knowing this, I know that the top will turn faster in the air, than on the 
ground, so that my knowledg is quite contrary to what you think it. 


SAGR. 


Fair and softly, Simplicius. You know that in the parts of a moveable, that 
turneth about its centre, there are found motions towards all sides; so that some 
ascend, others descend; some go forwards, others backwards? 


SIMP. 

I know it, and Aristotle taught me the same. 
SAGR. 

And with what demonstration, I pray you? 
SIMP. 

With that of sense. 

SAGR. 


Aristotle, then, hath made you see that which without him you would not have 
seen? Did he ever lend you his eyes? You would say, that Aristotle hath told, 
advertised, remembered you of the same; and not taught you it. When then a top, 
without changing place, turns round, (or in the childrens phrase, sleepeth) not 
paralel, but erect to the Horizon, some of its parts ascend, and the opposite 
descend; the superiour go one way, the inferiour another. Fancie now to your 
self, a top, that without changing place, swiftly turns round in that manner, and 
stands suspended in the air, and that in that manner turning, it be let fall to the 
Earth perpendicularly, do you believe, that when it is arrived at the ground, it 
will continue to turn round in the same manner, without changing place, as 
before? 


SIMP. 


No, Sir. 

SAGR. 

What will it do then? 

SIMP. 

It will run along the ground very fast. 

SAGR. 

And towards what part? 

SIMP. 

Towards that, whither itsVert gine. reeling carrieth it. 

SAGR. 

In its reeling there are parts, that is the uppermost, which do move contrary to 
the inferiour; therefore you must instance which it shall obey: for as to the parts 
ascending and descending, the one kind will not yield to the other; nor will they 
all go downwards, being hindered by the Earth, nor upwards as being heavy. 


SIMP. 


The top will run reeling along the floor towards that part whither its upper parts 
encline it. 


SAGR. 


And why not whither the contrary parts tend, namely, those which touch the 
ground? 


SIMP. 


Because those upon the ground happen to be impeded by the roughness of the 
touch, that is, by the floors unevenness; but the superiour, which are in the 
tenuous and flexible air, are hindred very little, if at all; and therefore the top 
will obey their inclination. 


SAGR. 


So that that taction, if I may so say, of the neither parts on the floor, is the cause 
that they stay, and onely the upper parts spring the top forward. 


SALV. 


And therefore, if the top should fall upon the ice, or other very smooth 
superficies, it would not so well run forward, but might peradventure continue to 
revolve in it self, (or sleep) without acquiring any progressive motion. 


SAGR. 


It is an easie thing for it so to do; but yet nevertheless, it would not so speedily 
come to sleep, as when it falleth on a superficies somewhat rugged. But tell me, 
Simplicius, when the top-turning round about it self, in that manner, is let fall, 
why doth it not move forwards in the air, as it doth afterwards when it is upon 
the ground? 


SIMP. 


Because having air above it, and beneath, neither those parts, nor these have any 
where to touch, and not having more occasion to go forward than backward, it 
falls perpendicularly. 


SAGR. 


So then the onely reeling about its self, without other impetus, can drive the top 
forward, being arrived at the ground, very nimbly. Now proceed we to what 
remains. That lash, which the driver tyeth to his Top-stick, and with which, 
winding it about the top, he sets it (i. e. makes it go) what effect hath it on the 
said top? 


SIMP. 


It constrains it to turn round upon its toe, that so it may free it self from the Top- 
lash. 


SAGR. 


So then, when the top arriveth at the ground, it cometh all the way turning about 
its self, by means of the lash. Hath it not reason then to move in it self more 
swiftly upon the ground, than it did whilst it was in the air? 


SIMP. 


Yes doubtless; for in the air it had no other impulse than that of the arm of the 
projicient; and if it had also the reeling, this (as hath been said) in the air drives it 
not forward at all= but arriving at the floor, to the motion of the arm is added the 
progression of the reeling, whereby the velocity is redoubled. And I know 
already very well, that the top skipping from the ground, its velocity will 
deminish, because the help of its circulation is wanting; and returning to the 
Earth will get it again, and by that means move again faster, than in the air. It 
onely rests for me to understand, whether in this second motion on the Earth it 
move more swiftly, than in the first; for then it would move in infinitum, 
alwayes accelerating. 


SAGR. 


I did not absolutely affirm, that this second motion is more swift than the first; 
but that it may happen so to be sometimes. 


SIMP. 

This is that, which I apprehend not, and which I desire to know. 

SAGR. 

And this also you know of your self. Therefore tell me: When you let the top fall 
out of your hand, without making it turn round (i. e. setting it) what will it do at 
its coming to the ground? 

SIMP. 

Nothing, but there lie still. 


SAGR. 


May it not chance, that in its fall to the ground it may acquire a motion? Think 
better on it. 


SIMP. 


Unlesse we let it fall upon some inclining stone, as children do playing atA 
Game in Italy, which is, to glide bullets down an inclining stone, &c. Chiosa, 
and that falling sidewayes upon the same, it do acquire the motion of turning 
round upon its toe, wherewith it afterwards continueth to move progressively on 
the floor, I know not in what other manner it can do any thing but lie still where 
it falleth. 


SAGR. 


You see then that in some case it may acquire a new revolution. When then the 
top jerked up from the ground, falleth down again, why may it not casually hit 
upon the declivity of some stone fixed in the floor, and that hath an inclination 
that way towards which it moveth, and acquiring by that slip a new whirle over 
and above that conferred by the lash, why may it not redouble its motion, and 
make it swifter than it was at its first lighting upon the ground? 


SIMP. 


Now I see that the same may easily happen. And I am thinking that if the top 
should turn the contrary way, in arriving at the ground, it would work a contrary 
effect, that is, the motion of the accidental whirl would retard that of the 
projicient. 


SAGR. 


And it would sometimes wholly retard and stop it, in case the revolution of the 
top were very swift. And from hence ariseth the resolution of that slight, which 
the more skilful Tennis Players use to their advantage; that is, to gull their 
adversary by cutting (for so is their Phrase) the Ball; which is, to return it with a 
side Rachet, in such a manner, that it doth thereby acquire a motion by it self 
contrary to the projected motion, and so by that means, at its coming to the 
ground, the rebound, which if the ball did not turn in that manner, would be 
towards the adversary, giving him the usual time to tosse it back again, doth fail, 
and the ball runs tripping along the ground, or rebounds lesse than usual, and 
breaketh the time of the return. Hence it is that you see, those who play atA 
Game in Italy, wherein they strive who shall trundle or throw a wooden bowle 
neerest to an assigned mark. Stool-ball, when they play in a stony way, or a 
place full of holes and rubs that make the ball trip an hundred several wayes, 


never suffering it to come neer the mark, to avoid them all, they do not trundle 
the ball upon the ground, but throw it, as if they were to pitch a quait. But 
because in throwing the ball, it issueth out of the hand with some roling 
conferred by the fingers, when ever the hand is under the ball, as it is most 
commonly held; whereupon the ball in its lighting on the ground neer to the 
mark, between the motion of the projicient and that of the roling, would run a 
great way from the same: To make the ball stay, they hold it artificially, with 
their hand uppermost, and it undermost, which in its delivery hath a contrary 
twirl or roling conferred upon it by the fingers, by means whereof in its coming 
to the ground neer the mark it stays there, or runs very very little forwards. But 
to return to our principal problem which gave occasion for starting these others; 
I say it is possible that a person carried very swiftly, may let a ball drop out of 
his hand, that being come to the Earth, shall not onely follow his motion, but 
also out-go it, moving with a greater velocity. And to see such an effect, I desire 
that the course may be that of a Chariot, to which on the out-side let a declining 
board be fastened; so as that the neither part may be towards the horses, and the 
upper towards the hind Wheel. Now, if in the Chariots full career, a man within 
it, let a ball fall gliding along the declivity of that board, it shall in roling 
downward acquire a particular vertigo or turning, the which added to the motion 
impressed by the Chariot, will carrie the ball along the ground much faster than 
the Chariot. And if one accommodate another declining board over against it, the 
motion of the Chariot may be qualified so, that the ball, gliding downwards 
along the board, in its coming to the ground shall rest immoveable, and also shall 
sometimes run the contrary way to the Chariot. But we are strayed too far from 
the purpose, therefore if Simplicius be satisfied with the resolution of the first 
arg ment against the Earths mobility, taken from things falling perpendicularly, 
we may passe to the rest. 


SALV. 


The digressions made hitherto, are not so alienated from the matter in hand, as 
that one can say they are wholly strangers to it. Besides these argumentations 
depend on those things that start up in the fancy not of one person, but of three, 
that we are: And moreover we discourse for our pleasure, nor are we obliged to 
that strictnesse of one who ex professo treateth methodically of an argument, 
with an intent to publish the same. I will not consent that our Poem should be so 
confined to that unity, as not to leave us fields open for Epsody’s, which every 
smalll connection should suffice to introduce; but with almost as much liberry as 


if we were met to tell stories, it shall be lawful for me to speak, what ever your 
discourse brings into mymind. 


SAGR. 


I like this motion very well; and since we are at this liberty, let me take leave, 
before we passe any farther to ask of you Salviatus, whether you did ever 
consider what that line may be that is described by the grave moveable naturally 
falling down from the top of a Tower; and if you have reflected on it, be pleased 
to tell me what you think thereof. 


SALV. 


I have sometimes considered of it, and make no question, that if one could be 
certain of the nature of that motion wherewith the grave body descendeth to 
approach the centre of the Terrestrial Globe, mixing it self afterwards with the 
common circular motion of the diurnal conversion; it might be exactly found 
what kind of line that is, that the centre of gravity of the moveable describeth in 
those two motions. 


SAGR. 


Touching the simple motion towards the centre dependent on the gravity, I think 
that one may confidently, without error, believe that it is by a right line, as it 
would be, were the Earth immoveable. 


SALV. 


As to this particular, we may not onely believe it, but experience rendereth us 
certain of the same. 


SAGR. 


But how doth experience assure us thereof, if we never see any motions but such 
as are composed of the two, circular and descending. 


SALV. 


Nay rather Sagredus we onely see the simple motion of descent; since that other 
circular one common to the Earth, the Tower and our selves remains 


imperceptible, and as if it never were, and there remaineth perceptible to us that 
of the stone, onely not participated by us, and for this, sense demonstrateth that it 
is by a right line, ever parallel to the said Tower, which is built upright and 
perpendicular upon the Terrestrial surface. 


SAGR. 


You are in the right; and this was but too plainly demonstrated to me even now, 
seeing that I could not remember so easie a thing; but this being so manifest, 
what more is it that you say you desire, for understanding the nature of this 
motion downwards? 


SALV. 


It sufficeth not to know that it is streight, but its requisite to know whether it be 
uniform, or irregular; that is, whether it maintain alwayes one and the same 
velocity, or else goeth retarding or accelerating. 


SAGR. 
It is already clear, that it goeth continually accellerating. 
SALV. 


Neither doth this suffice, but its requisite to know according to what proportion 
such accelleration is made; a Problem, that I believe was never hitherto 
understood by any Philosopher or Mathematician; although Philosophers, and 
particularly the Peripateticks, have writ great and entire Volumes, touching 
motion. 


SIMP. 


Philosophers principally busie themselves about universals; they find the 
definitions and more common symptomes, omitting certain subtilties and 
niceties, which are rather curiosities to the Mathematicians. And Aristotle did 
content himself to define excellently what motion was in general; and of the 
local, to shew the principal qualities, to wit, that one is natural, another violent; 
one is simple, another compound; one is equal, another accellerate; and 
concerning the accelerate, contents himself to give the reason of acceleration, 


remitting the finding out of the proportion of such acceleration, and other 
particular accidents to the Mechanitian, or other inferiour Artist. 


SAGR. 


Very well Simplicius. But you Salviatus, when you descend sometimes from the 
Throne of Peripatetick Majesty, have you ever thrown away any of your hours in 
studying to find this proportion of the acceleration of the motion of descending 
grave bodies? 


SALV. 


There was no need that I should study for it, in regard that the Academick our 
common friend, heretofore shewed me a Treatise of hisThis is that excellent tract 
which we give the first place in our second Volume. De Motu, where this, and 
many other accidents were demonstrated. But it would be too great a digression, 
if for this particular, we should interrupt our present discourse, (which yet it self 
is also no better than a digression) and make as the Saying is, a Comedy within a 
Comedy. 


SAGR. 


I am content to excuse you from this narration for the present, provided that this 
may be one of the Propositions reserved to be examined amongst the rest in 
another particular meeting, for that the knowledg thereof is by me very much 
desired; and in the mean time let us return to the line described by the grave 
body in its fall from the top of the Tower to its base. 


SALV. 


If the right motion towards the centre of the Earth was uniforme, the circular 
towards the East being also uniforme, you would see composed of them both a 
motion by a spiral line, of that kind with those defined by Archimedes in his 
Book De Spiralibus; which are, when a point moveth uniformly upon a right 
line, whilest that line in the mean time turneth uniformly about one of its 
extreme points fixed, as the centre of his gyration. But because the right motion 
of grave bodies falling, is continually accelerated, it is necessary, that the line 
resulting of the composition of the two motions do go alwayes receding with 
greater and greater proportion from the circumference of that circle, which the 
centre of the stones gravity would have designed, if it had alwayes staid upon the 


Tower; it followeth of necessity that this recession at the first be but little, yea 
very small, yea, more, as small as can be imagined, seeing that the descending 
grave body departing from rest, that is, from the privation of motion, towards the 
bottom and entring into the right motion downwards, it must needs passe 
through all the degrees of tardity, that are betwixt rest, and any assigned 
velocity; the which degrees are infinite; as already hath been at large discoursed 
and proved. 


It being supposed therefore, that the progresse of the acceleration being after this 
manner, and it being moreover true, that the descending grave body goeth to 
terminate in the centre of the Earth, The line described by a moveable in its 
natural descent, the motion of the Earth about its own centre being presupposed, 
would probably be the circumference of a circle. it is necessary that the line of 
its mixt motion be such, that it go continually receding with greater and greater 
proportion from the top of the Tower, or to speak more properly, from the 
circumference of the circle described by the top of the Tower, by means of the 
Earths conversion; but that such recessions be lesser and lesser in infinitum; by 
how much the moveable finds it self to be lesse and lesse removed from the first 
term where it rested. Moreover it is necessary, that this line of the compounded 
motion do go to terminate in the centre of the Earth. Now having presupposed 
these two things, I come to describe about the centre A [in Fig. 1. of this second 
Dialogue; ] with the semidiameter AB, the circle BI, representing to me the 
Terrestrial Globe, and prolonging the semidiameter AB to C, I have described 
the height of the Tower BC; the which being carried about by the Earth along the 
circumference BI, describeth with its top the arch CD: Dividing, in the next 
place, the line CA in the middle at E; upon the centre E, at the distance EC, I 
describe the semicircle CIA: In which, I now affirm, that it is very probable that 
a stone falling from the top of the Tower C, doth move, with a motion mixt of 
the circular, which is in common, and of its peculiar right motion. If therefore in 
the circumference CD, certain equal parts CF, FG, GH, HL, be marked, and 
from the points F, G, H, L, right lines be drawn towards the centre A, the parts of 
them intercepted between the two circumferences CD and BI, shall represent 
unto us the same Tower CB, transported by the Terrestrial Globe towards DI; in 
which lines the points where they come to be intersected by the arch of the 
semicircle CI, are the places by which from time to time the falling stone doth 
passe; which points go continually with greater and greater proportion receding 
from the top of the Tower. And this is the cause vvhy the right motion made 
along the side of the Tower apeareth to us more and more accelerate. It 
appeareth also, how by reason of the infinite acutenesse of the contact of those 


two circles DC, CI, the recession of the cadent moveable from the circumference 
CFD; namely, from the top of the Tower, is towards the beginning extream 
small, which is as much as if one said its motion downwards is very slow, and 
more and more slow in infinitum, according to its vicinity to the term C, that is 
to the state of rest. And lastly it is seen how in the end this same motion goeth to 
terminate in the centre of the Earth A. 


SAGR. 


I understand all this very well, nor can I perswade my self that the falling 
moveable doth describe with the centre of its gravity any other line, but such an 
one as this. 


SALV. 


But stay a little Sagredus, for I am to acquaint you also with three Observations 
of mine, that its possible will not displease you. A moveable falling from the top 
of the Tower, moveth in the circumference of a circle. The first of which is, that 
if we do well consider, the moveable moveth not really with any more than 
onely one motion simply circular, as when being placed upon the Tower, it 
moved with one single and circular motion. The second is yet more pleasant; for, 
It moveth neither more nor lesse, than if it had staid alwayes there. it moveth 
neither more nor lesse then if it had staid continually upon the Tower, being that 
to the arches CF, FG, GH, &c. that it would have passed continuing alwayes 
upon the Tower, the arches of the circumference CI are exactly equal, answering 
under the same CF, FG, GH, &c. Whence followeth the third wonder, It moveth 
with an uniform, not an accelerate motion. That the true and real motion of the 
stone is never accelerated, but alwayes even and uniforme, since that all the 
equal arches noted in the circumference CD, and their respondent ones marked 
in the circumference CI, are past in equal times; so that we are left at liberty to 
seek new causes of acceleration, or of other motions, seeing that the moveable, 
as well standing upon the Tower, as descending thence, alwayes moveth in the 
same fashion, that is, circularly, with the same velocity, and with the same 
uniformity. Now tell me what you think of this my fantastical conjecture. 


SAGR. 


I must tell you, that I cannot with words sufficiently expresse how admirable it 
seemeth to me; and for vvhat at present offereth it self to my understanding, I 


cannot think that the business happeneth otherwise; and vvould to God that all 
the demonstrations of Philosophers were but half so probable as this. However 
for my perfect satisfaction I would gladly hear how you prove those arches to be 
equal. 


SALV. 


The demonstration is most easie. Suppose to your self a line drawn from I to E. 
And the Semidiameter of the circle CD, that is, the line CA, being double the 
Semidiameter CE of the circle CI, the circumference shall be double to the 
circumference, and every arch of the greater circle double to every like arch of 
the lesser; and consequently, the half of the arch of the greater circle, equal to 
the whole arch of the lesse. And because the angle CEI made in the centre E of 
the lesser circle, and which insisteth upon the arch CI, is double the angle CAD, 
made in the centre A of the greater circle, to which the arch CD subtendeth; 
therefore the arch CD is half of the arch of the greater circle like to the arch CI, 
and therefore the two arches CD and CI are equal; and in the same manner we 
may demonstrate of all their parts. But that the business, as to the motion of 
descending grave bodies, proceedeth exactly thus, I will not at this time affirm; 
but this I will say, that if the line described by the cadent moveable be not 
exactly the same with this, it doth extream neerly resemble the same. 


SAGR. 


But I, Right motion seemeth wholly excluded in nature. Salviatus, am just now 
considering another particular very admirable; and this it is; That admitting these 
considerations, the right motion doth go whollyVadia del tutto a monte, rendered 
in the Latine omnino pessum eat. mounting, and that Nature never makes use 
thereof, since that, even that that use, which was from the beginning granted to 
it, which was of reducing the parts of integral bodies to their place, when they 
were separated from their whole, and therefore constituted in a depraved 
disposition, is taken from it, and assigned to the circular motion. 


SALV. 


This would necessarily follow, if it were concluded that the Terrestrial Globe 
moveth circularly; a thing, which I pretend not to be done, but have onely 
hitherto attempted, as I shall still, to examine the strength of those reasons, 
which have been alledged by Philosophers to prove the immobility of the Earth, 


of which this first taken from things falling perpendicularly, hath begat the 
doubts, that have been mentioned; which I know not of what force they may 
have seemed to Simplicius; and therefore before I passe to the examination of 
the remaining arguments, it would be convenient that he produce what he hath to 
reply to the contrary. 


SIMP. 


As to this first, I confesse indeed that I have heard sundry pretty notions, which I 
never thought upon before, and in regard they are new unto me, I cannot have 
answers so ready for them, but this argument taken rom things falling 
perpendicularly, I esteem it not one of the strongest proofs of the mobility of the 
Earth; and I know not what may happen touching the shots of great Guns, 
especially those aimed contrary to the diurnal motion. 


SAGR. 


The flying of the birds as much puzzleth me as the objection of the Gun-shot, 
and all the other experiments above alledged. For these birds which at their 
pleasure flie forwards and backwards, and wind to and again in a thousand 
fashions, and, which more importeth, lie whole hours upon the wing, these I say 
do not a little pose me, nor do I see, how amongst so many circumgyrations, they 
should not lose the motion of the Earth, and how they should be able to keep 
pace with so great a velocity as that which they so far exceed with their flight. 


SALV. 


To speak the truth, your scruple is not without reason, and its possible 
Copernicus himself could not find an answer for it, that was to himself entirely 
satisfactory; and therefore haply past it over in silence; albeit he was, indeed, 
very brief in examining the other allegations of his adversaries, I believe through 
his height of wit, placed on greater aud sublimer contemplations, like as Lions 
are not much moved at the barking of little Dogs. We will therefore reserve the 
instance of birds to the last place, and for the present, see if we can give 
Simplicius satisfaction in the others, by shewing him in our wonted manner, that 
he himself hath their answers at hand, though upon first thoughts he doth not 
discover them. And to begin with the shots made at randome, with the self same 
piece, powder, and ball, the one towards the East, the other towards the West (if 


the diurnal conversion belonged to the Earth) ought to be much longer than that 
towards the East. 


SIMP. 


I am moved so to think; because in the shot made towards the East, The reason 
why a Gun should seem to carry farther towards the West than towards the East. 
the ball whil’st it is out of the piece, is followed by the said piece, the which 
being carried round by the Earth, runneth also with much velocity towards the 
same part, whereupon the fall of the ball to the ground, cometh to be but little 
distant from the piece. On the contrary in the shot towards the West, before that 
the ball falleth to the ground, the piece is retired very far towards the East, by 
which means the space between the ball and the piece, that is Range, will appear 
longer than the other, by how much the piece, that is the Earth, had run in the 
time that both the bals were in the air. 


SALV. 


I could wish, that we did know some way to make an experiment corresponding 
to the motion of these projects, as that of the ship doth to the motion of things 
perpendicularly falling from on high; and I am thinking how it may be done. 


SAGR. 


I believe, that it would be a very opposite proof, to take an open Chariot, The 
experiment of a running chariot to find out the difference of Ranges. and to 
accomodate therein aBalestrone da bolzoni. Stock-bow at half elevation, to the 
end the flight may prove the greatest that my be, and whil’st the horses shall run, 
to shoot first towards the part whither you drive, and then another backwards 
towards the contrary part, causing some one to mark diligently where the Chariot 
was in that moment f time when the shaft came to the ground, as well in the one 
shot as in the other: for thus you may see exactly how much one shaft flew 
farther than the other. 


SIMP. 


In my thoughts this experiment is very proper: and I do not doubt but that the 
flight, that is, the space between the shaft and the place where the chariot was at 
the shafts fall, will be less by much when one shooteth towards the chariots 
course, than when one shooteth the contrary way. For an example, let the flight 


of it self be three hundred yards, and the course of the chariot in the time whilst 
the shaft stayeth in the air, an hundred yards, therefore shooting towards the 
course, of the three hundred yards of the flight, the chariot will have gone one 
hundred; so then at the shafts coming to the ground, the space between it and the 
chariot, shall be but two hundred yards onely; but on the contrary, in the other 
shoot, the chariot running contrary to the shaft, when the shaft shall have passed 
its three hundred yards, and the chariot its other hundred the contrary way, the 
distance interposing shall be found to be four hundred yards. 


SALV. 

Is there any way to shoot so that these flights may be equal? 
SIMP. 

I know no other way, unless by making the chariot to stand still. 
SALV. 

This we know; but I mean when the chariot runneth in full carreer. 
SIMP. 


In that case you are to draw the Bow higher in shooting forwards, and to slack it 
in shooting the contrary way. 


SALV. 


Then you see that there is one way more. But how much is the bow to be drawn, 
and how much slackened? 


SIMP. 


In our case, where we have supposed that the bow carried three hundred yards, it 
would be requisite to draw it so, as that it might carry four hundred, and in the 
other to slacken it so, as that it might carry no more than two hundred. For so 
each of the flights would be but three hundred in relation to the chariot, the 
which, with its course of an hundred yards which it substracts from the shoot of 
four hundred, and addeth to that of two hundred, would reduce them both to 
three hundred. 


SALV. 
But what effect hath the greater or less intensness of the bow upon the shaft? 
SIMP. 


The stiffer bow carrieth it with greater velocity, and the weaker with less; and 
the same shaft flieth so much farther at one time than another, with how much 
greater velocity it goeth out of the tiller at one time, than another. 


SALV. 


So that to make the shaft shot either way, to flie at equal distance from the 
running chariot, it is requisite, that if in the first shoot of the precedent example, 
it goeth out of the tiller with v. g. four degrees of velocity, that then in the other 
shoot it depart but with two onely: but if the same bow be used, it always 
receiveth thence three degrees. 


SIMP. 


It doth so; and for this reason, shooting with the same bow in the chariots course, 
the shoots cannot be equal. 


SALV. 


I had forgot to ask, with what velocity it is supposed in this particular 
experiment, that the chariot runneth. 


SIMP. 


The velocity of the chariot must be supposed to be one degree in comparison to 
that of the bow, which is three, 


SALV. 


Very right, for so computation gives it. But tell me, when the chariot moveth, 
doth not all things in the same move with the same velocity? 


SIMP. 


Yes doubtless. 


SALV. 


Then so doth the shaft also, and the bow, and the string, upon which the shaft is 
nock’t. 


SIMP. 
They do so. 
SALV. 


Why then, in discharging the shaft towards the course of the chariot, the bow 
impresseth its three degrees of velocity on a shaft that had one degree of velocity 
before, by means of the chariot which transported it so fast towards that part; so 
that in its going off it hath four degrees of velocity. On the contrary, in the other 
shoot, the same bow conferreth its same three degrees of velocity on a shaft that 
moveth the contrary way, with one degree; so that in its departing from the 
bowstring, it hath no more left but onely two degrees of velocity. But you your 
self have already said, that the way to make the shoots equal, is to cause that the 
shaft be let flie the first time with four degrees of velocity, and the second time 
with two. Therefore without changing the bow, the very course of the chariot is 
that which adjusteth the flights, The solution of the argument taken from great- 
Guns shot towards the East & West. and the experiment doth so represent them 
to any one who is not either wilfully or naturally incapable of reason. Now apply 
this discourse to Gunnery, and you shall find, that whether the Earth move or 
stand still, the shots made with the same force, will always curry equal ranges, to 
what part soever aimed. The error of Aristotle, Ptolomey, Tycho, your self, and 
all the rest, is grounded upon that fixed and strong persuasion, that the Earth 
standeth still, which you have not judgment nor power to depose, no not when 
you have a desire to argue of that which would ensue, presupposing the Earth to 
move. And thus, in the other argument, not considering that whil’st the stone is 
upon the Tower, it doth, as to moving or not moving, the same that the 
Terrestrial Globe doth, because you have concluded with your self, that the Earth 
stands still, you always discourse touching the fall of the stone, as if it were to 
depart from rest: whereas it behooveth to say, that if the Earth standeth still, the 
stone departeth from rest, and descendeth perpendicularly; but if the Earth do 
move, the stone likewise moveth with like velocity, nor doth it depart from rest, 
but from a motion equal to that of the Earth, wherewith it intermixeth the 


supervenient motion of descent, and of those two composeth a third which is 
transversal or sideways. 


SIMP. 


But for Gods sake, if it move transversly, how is it that I behold it to move 
directly and perpendicularly? This is no better than the denial of manifest sense; 
and if we may not believe sense, at what other door shall we enter into 
disquisitions of Philosophy? 


SALV. 


In respect to the Earth, to the Tower, and to our selves, which all as one piece 
move with the diurnal motion together with the stone, the diurnal motion is as if 
it never had been, and becometh insensible, imperceptible, and without any 
action at all; and the onely motion which we can perceive, is that of which we 
partake not, that is the descent gliding along the side of the Tower: You are not 
the first that hath felt great repugnance in apprehending this non-operating of 
motion upon things to which it is common. 


SAGR. 


Now I do remember a certain conceipt, A notable case of Sagredus, to shew the 
non-operating of common motion. that came one day into my fancy, whilst I 
sailed in my voyage to Aleppo, whither I went Consul for our Countrey, and 
possibly it may be of some use, for explaining this nullity of operation of 
common motion, and being as if it never were to all the partakers thereof. And if 
it stand with the good liking of Simplicius, I will reason with him upon that 
which then I thought of by my self alone. 


SIMP. 


The novelty of the things which I hear, makes me not so much a patient, as a 
greedy and curious auditor: therefore go on. 


SAGR. 


If the neb of a writing pen, that I carried along with me in the ship, through all 
my navigation from Venice toAlessandretta. Scanderon, had had a facultie of 


leaving visible marks of its whole voyage, what signs, what marks, what lines 
would it have left? 


SIMP. 


It would have left a line distended from Venice thither, not perfectly streight, or 
to say better, distended in a perfect arch of a circle, but in some places more, in 
some less curved, according as the vessel had gone more or less fluctuating; but 
this its inflecting in some places a fathom or two to the right hand or to the left, 
upwards or downwards, in a length of many hundred miles, would have brought 
but little alteration to the intire tract of the line, so that it would have been hardly 
sensible; and without any considerable error, might have been called the part of a 
perfect arch. 


SAGR. 


So that the true and most exact motion of the neb of my pen would have also 
been an arch of a perfect circle, if the vessels motion, the fluctuation of the 
billows ceasing, had been calm and tranquill. And if I had continually held that 
per in my hand, and had onely moved it sometimes an inch or two this way or 
that way, what alteration should I have made in that its principal, and very long 
tract or stroke? 


SIMP. 


Less than that which the declining in several places from absolute rectitude, but 
the quantity of a flea’s eye makes in a right line of a thousand yards long. 


SAGR. 


If a Painter, then, at our launching from the Port, had began to design upon a 
paper with that pen, and continued his work till he came to Scanderon, he would 
have been able to have taken by its motion a perfect draught of all those figures 
perfectly interwoven and shadowed on several sides with countreys, buildings, 
living creatures, and other things; albeit all the true, real, and essential motion 
traced out by the neb of that pen, would have been no other than a very long, but 
simple line: and as to the proper operation of the Painter, he would have 
delineated the same to an hair, if the ship had stood still. That therefore of the 
huge long motion of the pen there doth remain no other marks, than those tracks 
drawn upon the paper, the reason thereof is because the grand motion from 


Venice to Scanderon, was common to the paper, the pen, and all that which was 
in the ship: but the petty motions forwards and backwards, to the right, to the 
left, communicated by the fingers of the Painter unto the pen, and not to the 
paper, as being peculiar thereunto, might leave marks of it self upon the paper, 
which did not move with that motion. Thus it is likewise true, that the Earth 
moving, the motion of the stone in descending downwards, was really a long 
tract of many hundreds and thousands of yards, and if it could have been able to 
have delineated in a calm air, or other superficies, the track of its course, it 
would have left behind an huge long transverse line. But that part of all this 
motion which is common to the stone, the Tower, and our selves, is 
imperceptible to us, and as if it had never been, and that part onely remaineth 
observable, of which neither the Tower nor we are partakers, which is in fine, 
that wherewith the stone falling measureth the Tower. 


SALV. 


A most witty conceipt to clear up this point, which was not a little difficult to 
many capacities. Now if Simplicius will make no farther reply, we may pass to 
the other experiments, the unfolding of which will receive no small facility from 
the things already declared. 


SIMP. 


I have nothing more to say: and I was well-nigh transported with that 
delineation, and with thinking how those strokes drawn so many ways, hither, 
thither, upwards, downwards, forwards, backwards, and interwoven with 
thousands of turnings, are not essentially or really other, than small pieces of one 
sole line drawn all one way, and the same without any other alteration save the 
declining the direct rectitude, sometimes a very insensible matter towards one 
side or another, and the pens moving its neb one while softer, another while 
slower, but with very small inequality. And I think that it would in the same 
manner write a letter, and that those frollike penmen, who to shew their 
command of hand, without taking their pen from the paper in one sole stroke, 
with infinite turnings draw a pleasant knot, if they were in a boat that did tide it 
along swiftly they would convert the whole motion of the pen, which in reality is 
but one sole line, drawn all towards one and the same part, and very little curved, 
or declining from perfect rectitude, into a knot or flourish. And I am much 
pleased that Sagredus hath helped me to this conceit: therefore let us go on, for 


the hope of meeting with more of them, will make me the stricter in my 
attention. 


SAGR. 


If you have a curiosity to hear such like subtilties, Subtilties sufficiently insipid, 
ironically, spoken and taken from a certain Encyclopaedia. which occurr not thus 
to every one, you will find no want of them, especially in this particular of 
Navigation; and do you not think that a witty conceit which I met with likewise 
in the same voyage, when I observed that the mast of the ship, without either 
breaking or bending, had made a greater voyage with its round-top, that is with 
its top-gallant, than with its foot; for the round top being more distant from the 
centre of the Earth than the foot is, it had described the arch of a circle bigger 
than the circle by which the foot had passed. 


SIMP. 
And thus when a man walketh he goeth farther with his head than with his feet. 
SAGR. 


You have found out the matter your self by help of your own mother-vwvit: But 
let us not interrupt Salviatus. 


SALV. 


It pleaseth me to see Simplicius hovv he sootheth up himself in this conceit, if 
happly it be his ovvn, and that he hath not borrovved it from a certain little 
pamphlet of conclusions, vvhere there are a great many more such fancies no 
less pleasant & vvitty. It follovveth that vve speak of the peice of Ordinance 
mounted perpendicular to the Horizon, An instance against the deurnal motion of 
the earth, taken from the shot of a Peece of Ordinance perpendicularly. that is, of 
a shot tovvards our vertical point, and to conclude, of the return of the ball by the 
same line unto the same peice, though that in the long time wvhich it is separated 
from the peice, the earth hath transported it many miles tovvards the East; novv 
it seemeth, that the ball ought to fall a like distance from the peice tovvards the 
West; the vvhich doth not happen: therefore the peice vvithout having been 
moved did stay expecting the same. The ansvver is the same vvith that of the 
stone falling from the Tovver; The answer to the objection, shewing the 
equivoke. and all the fallacy, and equivocation consisteth in supposing still for 


true, that vvhich is in question; for the Opponent hath it still fixed in his conceit 
that the ball departs from its rest, being discharged by the fire from the piece; 
and the departing from the state of rest, cannot be, unlesse the immobility of the 
Terrestrial Globe be presupposed, which is the conclusion of that was in dispute; 
Therefore, I reply, that those who make the Earth moveable, answer, that the 
piece, and the ball that is in it, partake of the same motion with the Earth; nay 
that they have this together with her from nature; and that therefore the ball 
departs in no other manner from its quiescence, but conjoyned with its motion 
about the centre, the which by its projection upwards, is neither taken away, nor 
hindered; and in this manner following, the universal motion of the Earth 
towards the East, it alwayes keepeth perpendicular over the said piece, as well in 
its rise as in its return. And the same you see to ensue, in making the experiment 
in a ship with a bullet shot upwards perpendicularly with a Crosse-bow, which 
returneth to the same place whether the ship doth move, or stand still. 


SAGR. 


This satisfieth very well to all; Another answer to the same objection. but 
because that I have seen that Simplicius taketh pleasure with certain subtilties to 
puzzle his companions, I will demand of him whether, supposing for this time 
that the Earth standeth still, and the piece erected upon it perpendicularly, 
directed to our Zenith, he do at all question that to be the true perpendicular shot, 
and that the ball in departing, and in its return is to go by the same right line, still 
supposing all external and accidental impediments to be removed? 


SIMP. 

I understand that the matter ought to succeed exactly in that manner. 

SAGR. 

But if the piece were placed, not prependicularly, but inclining towards some 
place, what would the motion of the ball be? Would it go haply, as in the other 
shot, by the perpendicular line, and return again by the same? 


SIMP. 


It would not so do; but issuing out of the piece, it would pursue its motion by a 
right line which prolongeth the erect perpendicularity of the concave cylinder of 


the piece, unlesse so far as its own vveight vvould make it decline from that 
erection towards the Earth. 


SAGR. 


So that the mounture of the cylinder is the regulator of the motion of the ball, nor 
doth it, or would it move out of that line, if its own gravity did not make it 
decline downwards. And therefore placing the cylinder perpendicularly, Projects 
continue their motion by the right line that followeth the direction of the motion, 
made together with the proficient, whil’st they were conjoin’d therewith. and 
shooting the ball upwards, it returneth by the same right line downvwvards; 
because the motion of the ball dependent on its gravity is downward, by the 
same perpendicular. The journey therefore of the ball out of the piece, continueth 
or prolongeth the rectitude or perpendicularity of that small part of the said 
journey, vvhich it made wvithin the said piece; is it not so? 


SIMP. 
So it is, in my opinion. 
SAGR. 


Now imagine the cylinder to be erected, and that the Earth doth revolve about 
vvith a diurnal motion, carrying the piece along vvith it, tell me vvhat shall be 
the motion of the ball vvithin the cylinder, having given fire? 


SIMP. 


It shall be a streight and perpendicular motion, the cylinder being erected 
perpendicularly. 


SAGR. 


Consider vvell vvhat you say: for I believe that it vvill not be perpendicular. It 
vvould indeed be perpendicular, if the Earth stood still, for so the ball vvould 
have no other motion but that proceeding from the fire. The revolution of the 
Earth supposed, the ball in the piece erected perpendicularly, doth not move by a 
perpendicular, but an inclined line. But in case the Earth turns round, the ball 
that is in the piece, hath likewise a diurnal motion, so that there being added to 
the same the impulse of the fire, it moveth from the breech of the piece to the 


muzzle with two motions, from the composition whereof it cometh to passe that 
the motion made by the centre of the balls gravity is an inclining line. And for 
your clearer understanding the same, let the piece AC [in Fig. 2. ] be erected, 
and in it the ball B; it is manifest, that the piece standing immoveable, and fire 
being given to it, the ball will make its way out by the mouth A, and with its 
centre, passing thorow the the piece, shall have described the perpendicular line 
BA, and it shall pursue that rectitude when it is out of the piece, moving toward 
the Zenith. But in case the Earth should move round, and consequently carry the 
piece along with it, in the time that the ball driven out of the piece shall move 
along the cylinder, the piece being carried by the Earth, shall passe into the 
situation DE, and the ball B, in going off, would be at the cornish D, and the 
motion of the bals centre, would have been according to the line BD, no longer 
perpendicular, but inclining towards the East; and the ball (as hath been 
concluded) being to continue its motion through the air, according to the 
direction of the motion made in the piece, the said motion shall continue on 
according to the inclination of the line BD, and so shall no longer be 
perpendicular, but inclined towards the East, to which part the piece doth also 
move; whereupon the ball may follow the motion of the Earth, and of the piece. 
Now Simplicius, you see it demonstrated, that the Range which you took to be 
perpendicular, is not so. 


SIMP. 
I do not very well understand this business; do you, Salviatus? 
SALV. 


I apprehend it in part; but I have a certain kind of scruple, which I wish I knew 
how to express. It seems to me, that according to what hath been said, if the 
Piece be erected perpendicular, and the Earth do move, the ball would not be to 
fall, as Aristotle and Tycho will have it, far from the Piece towards the West, 
nor as you would have it, upon the Piece, but rather far distant towards the East. 
For according to your explanation, it would have two motions, the which would 
with one consent carry it thitherward, to wit, the common motion of the Earth, 
which carrieth the Piece and the ball from CA towards ED; and the fire which 
carrieth it by the inclined line BD, both motions towards the East, and therefore 
they are superiour to the motion of the Earth. 


SAGR. 


Not so, Sir. The motion which carrieth the ball towards the East, cometh all from 
the Earth, and the fire hath no part at all therein: the motion which mounteth the 
ball upwards, is wholly of fire, wherewith the Earth hath nothing to do. And that 
it is so, if you give not fire, the ball will never go out of the Piece, nor yet rise 
upwards a hairs breadth; as also if you make the Earth immoveable, and give 
fire, the ball without any inclination shall go perpendicularly upwards. The ball 
therefore having two motions, one upwards, and the other in gyration, of both 
which the transverse line BD is compounded, the impulse upward is wholly of 
fire, the circular cometh wholly from the Earth, and is equal to the Earths 
motion: and being equal to it, the ball maintaineth it self all the way directly over 
the mouth of the Piece, and at last falleth back into the same: and because it 
always observeth the erection of the Piece, it appeareth also continually over the 
head of him that is near the Piece, and therefore it appeareth to mount exactly 
perpendicular towards our Zenith, or vertical point. 


SIMP. 


I have yet one doubt more remaining, and it is, that in regard the motion of the 
ball is very swift in the Piece, it seems not possible, that in that moment of time 
the transposition of the Piece from CA to AD should confer such an inclination 
upon the transverse line CD, that by means thereof, the ball when it cometh 
afterwards into the air should be able to follow the course of the Earth. 


SAGR. 


You err upon many accounts; and first, the inclination of the transverse line CD, 
I believe it is much greater than you take it to be, for I verily think that the 
velocity of the Earths motion, not onely under the Equinoctial, but in our paralel 
also, is greater than that of the ball whilst it moveth in the Piece; so that the 
interval CE would be absolutely much bigger than the whole length of the Piece, 
and the inclination of the transverse line consequently bigger than half a right 
angle: but be the velocity of the Earth more, or be it less, in comparison of the 
velocity of the fire, this imports nothing; for if the velocity of the Earth be small, 
and consequently the inclination of the transverse line be little also; there is then 
also need but of little inclination to make the ball suspend it self in its range 
directly over the Piece. And in a word, if you do but attentively consider, you 
will comprehend, that the motion of the Earth in transferring the Piece along 
with it from CA to ED, conferreth upon the transverse line CD, so much of little 
or great inclination, as is required to adjust the range to its perpendicularity. But 


you err, secondly, in that you referr the faculty of carrying the ball along with 
the Earth to the impulse of the fire, and you run into the same error, into which 
Salviatus, but even now seemed to have fallen; for the faculty of following the 
motion of the Earth, is the primary and perpetual motion, indelibly and 
inseparably imparted to the said ball, as to a thing terrestrial, and that of its own 
nature doth and ever shall possess the same. 


SALV. 


Let us yield, The manner how Fowlers shoot birds flying. Simplicius, for the 
business is just as he saith. And now from this discourse let us come to 
understand the reason of a Venatorian Problem, of those Fowlers who with their 
guns shoot a bird flying; and because I did imagine, that in regard the bird flieth 
a great pace, therefore they should aim their shot far from the bird, anticipating 
its flight for a certain space, and more or less according to its velocity and the 
distance of the bird, that so the bullet hasting directly to the mark aimed at, it 
might come to arrive at the self same time in the same point with its motion, and 
the bird with its flight, and by that means one to encounter the other: and asking 
one of them, if their practise was not so to do; He told me, no; but that the slight 
was very easie and certain, and that they took aim just in the same manner as if 
they had shot at a bird that did sit still; that is, they made the flying bird their 
mark, and by moving their fowling-piece they followed her, keeping their aim 
still full upon her, till such time as they let fly, and in this manner shot her as 
they did others sitting still. It is necessary therefore that that motion, though 
slow, which the fowling-piece maketh in turning and following after the flight of 
the bird do communicate it self to the bullet also, and that it be joyned with that 
of the fire; so that the ball hath from the fire the motion directly upwards, and 
from the concave Cylinder of the barrel the declination according to the flight of 
the Bird, just as was said before of the shot of a Canon; where the ball receiveth 
from the fire a virtue of mounting upwards towards the Zenith, and from the 
motion of the Earth its winding towards the East, and of both maketh a 
compound motion that followeth the course of the Earth, and that to the beholder 
seemeth onely to go directly upwards, and return again downwards by the same 
line. The holding therefore of the gun continually directed towards the mark, 
maketh the shoot hit right, and that you may keep your gun directed to the mark, 
in case the mark stands still, you must also hold your gun still; and if the mark 
shall move, the gun must be kept upon the mark by moving. The answer to the 
objection tak n from the shots of great Guns ma e towards the North and South. 
And upon this dependeth the proper answer to the other argument taken from the 


shot of a Canon, at the mark placed towards the South or North: wherein is 
alledged, that if the Earth should move, the shots would all range Westward of 
the mark, because that in the time whilst the ball, being forc’d out of the Piece, 
goeth through the air to the mark, the said mark being carried toward the East, 
would leave the ball to the Westward. I answer therefore, demanding whether if 
the Canon be aimed true at the mark, and permitted so to continue, it will 
constantly hit the said mark, whether the Earth move or stand still? It must be 
replied, that the aim altereth not at all, for if the mark doth stand still, the Piece 
also doth stand still, and if it, being transported by the Earths motion, doth move, 
the Piece doth also move at the same rate, and, the aim maintained, the shot 
proveth always true, as by what hath been said above, is manifest. 


SAGR. 


Stay a little, I entreat you, Salviatus, till I have propounded a certain conceit 
touching these shooters of birds flying, whose proceeding I believe to be the 
same which you relate, and believe the effect of hitting the bird doth likewise 
follow: but yet I cannot think that act altogether conformable to this of shooting 
in great Guns, which ought to hit as well when the piece and mark moveth, as 
when they both stand still; and these, in my opinion, are the particulars in which 
they disagree. In shooting with a great Gun both it and the mark move with equal 
velocity, being both transported by the motion of the Terrestrial Globe: and 
albeit sometimes the piece being planted more towards the Pole, than the mark, 
and consequently its motion being somewhat flower than the motion of the 
mark, as being made in a lesser circle, such a difference is insensible, at that 
little distance of the piece from the mark: but in the shot of the Fowler the 
motion of the Fowling-piece wherewith it goeth following the bird, is very slow 
in comparison of the flight of the said bird; whence me thinks it should follow, 
that that small motion which the turning of the Birding-piece conferreth on the 
bullet that is within it, cannot, when it is once gone forth of it, multiply it self in 
the air, untill it come to equal the velocity of the birds flight, so as that the said 
bullet should always keep direct upon it: nay, me thinketh the bird would 
anticipate it and leave it behind. Let me add, that in this act, the air through 
which the bullet is to pass, partaketh not of the motion of the bird: whereas in the 
case of the Canon, both it, the mark, and the intermediate air, do equally partake 
of the common diurnal motion. So that the true cause of the Marks-man his 
hitting the mark, as it should seem, moreover and besides the following the 
birds flight with the piece, is his somewhat anticipating it, taking his aim before 
it; as also his shooting (as I believe) not with one bullet, but with many small 


balls (called shot) the which scattering in the air possess a great space; and also 
the extreme velocity wherewith these shot, being discharged from the Gun, go 
towards the bird. 


SALV. 


See how far the winged wit of Sagredus anticipateth, and out-goeth the dulness 
of mine; which perhaps would have light upon these disparities, The answer to 
the Argument taken from the shots at point blanck towards the East & West. but 
not without long studie. Now turning to the matter in hand, there do remain to be 
considered by us the shots at point blank, towards the East and towards the 
West; the first of which, if the Earth did move, would always happen to be too 
high above the mark, and the second too low; forasmuch as the parts of the Earth 
Eastward, by reason of the diurnal motion, do continually descend beneath the 
tangent paralel to the Horizon, whereupon the Eastern stars to us appear to 
ascend; and on the contrary, the parts Westward do more and more ascend, 
whereupon the Western stars do in our seeming descend: and therefore the 
ranges which are leveled according to the said tangent at the Oriental mark, 
(which whilst the ball passeth along by the tangent descendeth) should prove too 
high, and the Occidental too low by means of the elevation of the mark, whilst 
the ball passeth along the tangent. The answer is like to the rest: for as the 
Eastern mark goeth continually descending, by reason of the Earths motion, 
under a tangent that continueth immoveable; so likewise the piece for the same 
reason goeth continually inclining, and with its mounture pursuing the said 
mark: by which means the shot proveth true. 


But here I think it a convenient opportunity to give notice of certain concessions, 
The followers of Copernicus too freely admit certain propositions for true, which 
are very doubtfull. which are granted perhaps over liberally by the followers of 
Copernicus unto their Adversaries: I mean of yielding to them certain 
experiments for sure and certain, which yet the Adversaries themselves had 
never made tryal of: as for example, that of things falling from the round-top of a 
ship whilst it is in motion, and many others; amongst which I verily believe, that 
this of experimenting whether the shot made by a Canon towards the East 
proveth too high, and the Western shot too low, is one: and because I believe 
that they have never made tryal thereof, I desire that they would tell me what 
difference they think ought to happen between the said shots, supposing the 
Earth moveable, or supposing it moveable; and let Simplicius for this time 
answer for them. 


SIMP. 


I will not undertake to answer so confidently as another more intelligent perhaps 
might do; but shall speak what thus upon the sudden I think they would reply; 
which is in effect the same with that which hath been said already, namely, that 
in case the Earth should move, the shots made Eastward would prove too high, 
&c. the ball, as it is probable, being to move along the tangent. 


SALV. 

But if I should say, that so it falleth out upon triall, how would you censure me? 
SIMP. 

It is necessary to proceed to experiments for the proving of it. 

SALV. 


But do you think, that there is to be found a Gunner so skilful, as to hit the mark 
at every shoot, in a distance of v. g. five hundred paces? 


SIMP. 


No Sir; nay I believe that there is no one, how good a marks-man soever that 
would promise to come within a pace of the mark, 


SALV. 


How can we then, with shots so uncertain, assure our selves of that which is in 
dispute? 


SIMP. 


We may be assured thereof two wayes; one, by making many shots; the other, 
because in respect of the great velocity of the Earths motion, the deviation from 
the mark would in my opinion be very great. 


SALV. 


Very great, that is more than one pace; in regard that the varying so much, yea 
and more, is granted to happen ordinarily even in the Earths mobility. 


SIMP. 
I verily believe the variation from the mark would be more than so. 
SALV. 


Now I desire that for our satisfaction we do make thus in grosse a slight 
calculation, A Computation how much the ranges of great shot ought to vary 
from the marke, the Earths motion being granted. if you consent thereto, which 
will stand us in stead likewise (if the computation succeed as I expect) for a 
warning how we do in other occurrences suffer our selves, as the saying is, to be 
taken with the enemies shouts, and surrender up our belief to what ever first 
presents it self to our fancy. And now to give all advantages to the Peripateticks 
and Tychonicks, let us suppose our selves to be under the Equinoctial, there to 
shoot a piece of Ordinance point blank Eastwards at a mark five hundred paces 
off. First, let us see thus (as I said) in a level, what time the shot after it is gone 
out of the Piece taketh to arrive at the mark; which we know to be very little, and 
is certainly no more than that wherein a travailer walketh two steps, which also 
is less than the second of a minute of an hour; for supposing that the travailer 
walketh three miles in an hour, which are nine thousand paces, being that an 
hour containes three thousand, six hundred second minutes, the travailer walketh 
two steps and an half in a second, a second therefore is more than the time of the 
balls motion. And for that the diurnal revolution is twenty four hours, the 
Western horizon riseth fifteen degrees in an hour, that is, fifteen first minutes of 
a degree, in one first minute of an hour; that is, fifteen seconds of a degree, in 
one second of an hour; and because one second is the time of the shot, therefore 
in this time the Western horizon riseth fifteen seconds of a degree, and so much 
likewise the mark; and therefore fifteen seconds of that circle, whose 
semidiameter is five hundred paces (for so much the distance of the mark from 
the Piece was supposed.) Now let us look in the table of Arches and Chords (see 
here is Copernicus his book) what part is the chord of fifteen seconds of the 
semidiameter, that is, five hundred paces. Here you see the chord (or subtense) 
of a first minute to be less than thirty of those parts, of which the semidiameter is 
an hundred thousand. Therefore the chord of a second minute shall be less then 
half of one of those parts, that is less than one of those parts, of which the 
semidiameter is two hundred thousand; and therefore the chord of fifteen conds 
shall be less than fifteen of those same two hundred thousand parts; but that 
which is less thanThat is, in plainer termes the fraction 15/200000, is more than 
the fraction 4/50000, for dividing the denominators by their ominators, and the 


first produceth 13333 1/3, the other but 12500. fifteen parts of two hundred 
thousand, is also more than that which is four centesmes of five hundred; 
therefore the ascent of the mark in the time of the balls motion is lesse than four 
centesmes, that is, than one twenty fifth part of a pace; it shall be thereforelt 
shall be neer 2 2/5 inches, accounting the pace to be Geometrical, containing 5 
foot. about two inches: And so much consequently shall be the variation of each 
Western shot, the Earth being supposed to have a diurnal motion. Now if I shall 
tell you, that this variation (I mean of falling two inches short of what they 
would do in case the Earth did not move) upon triall doth happen in all shots, 
how will you convince me Simplicius, shewing me by an experiment that it is 
not so? Do you not see that it is impossible to confute me, unless you first find 
out a way to shoot at a mark with so much exactnesse, as never to misse an hairs 
bredth? For whilst the ranges of great shot consist of different numbers of paces, 
as de facto they do, I will affirm that in each of those variations there is 
contained that of two inches caused by the motion of the Earth. 


SAGR. 


Pardon me, It is demonstrated with great subtilty, that the Earths motion 
supposed, Canon shot ought not to vary more than in rest. Salviatus, you are too 
liberal. For I would tell the Peripateticks, that though every shot should hit the 
very centre of the mark, that should not in the least disprove the motion of the 
Earth. For the Gunners are so constantly imployed in levelling the sight and gun 
to the mark, as that they can hit the same, notwithstanding the motion of the 
Earth. And I say, that if the Earth should stand still, the shots would not prove 
true; but the Occidental would be too low, and the Oriental too high: now let 
Simplicius disprove me if he can. 


SALV. 


This is a subtilty worthy of Sagredus: But whether this variation be to be 
observed in the motion, or in the rest of the Earth, it must needs be very small, it 
must needs be swallowed up in those very great ones which sundry accidents 
continually produce. It is requisite to be very cautious in admitting experim nts 
for true, to those who never tried them. And all this hath been spoken and 
granted on good grounds to Simplicius, and only with n intent to advertise him 
how much it importeth to be cautious in granting many experiments for true to 
those who never had tried them, but only eagerly alledged them just as they 
ought to be for the serving their purpose: This is spoken, I say, by way of 
surplussage and Corollary to Simplicius, for the real truth is, Experiments and 
arguments against the Earths motion seem so far concluding, as they lie hid 
under equivokes. that as concerning these shots, the same ought exactly to befall 
aswell in the motion as in the rest of the Terrestrial Globe; as likewise it will 
happen in all the other experiments that either have been or can be produced, 
which have at first blush so much semblance of truth, as the antiquated opinion 
of the Earths motion hath of equivocation. 


SAGR. 


As for my part I am fully satisfied, and very well understand that who so shall 
imprint in his fancy this general community of the diurnal conversion amongst 
all things Terrestrial, to all which it naturally agreeth, aswell as in the old conceit 
of its rest about the centre, shall doubtlesse discern the fallacy and equivoke 
which made the arguments produced seem eoncluding. There yet remains in me 
some haesitancy (as I have hinted before) touching the flight of birds; the which 
having as it were an animate faculty of moving at their pleasure with a thousand 
motions, and to stay long in the Air separated from the Earth, and therein with 
most irregular windings to go fluttering to and again, I cannot conceive how 
amongst so great a confusion of motions, they should be able to retain the first 
commune motion; and in what manner, having once made any stay behind, they 
can get it up again, and overtake the same with flying, and keep pace with the 
Towers and trees which hurry with so precipitant a course towards the East; I say 
so precipitant, for in the great circle of the Globe it is little lesse than a thousand 
miles an hour, whereof the flight of the swallow I believe makes not fifty. 


SALV. 


If the birds were to keep pace with the course of the trees by help of their wings, 
they would of necessity flie very fast; and if they were deprived of the universal 


conversion, they would lag as far behind; and their flight would seem as furious 
towards the West, and to him that could discern the same, it would much exceed 
the flight of an arrow; but I think we could not be able to perceive it, no more 
than we see a Canon bullet, whil’st driven by the fury of the fire, it flieth through 
the Air: But the truth is that the proper motion of birds, I mean of their flight, 
hath nothing to do with the universal motion, to which it is neither an help, nor 
an hinderance; and that which maintaineth the said motion unaltered in the birds, 
is the Air it self, thorough which they flie, which naturally follovving the 
Vertigo of the Earth, like as it carrieth the clouds along with it, so it transporteth 
birds and every thing else which is pendent in the same; in so much that as to the 
businesse of keeping pace vvith the Earth, the birds need take no care thereof, 
but for that work might sleep perpetually. 


SAGR. 


That the Air can carry the clouds along with it, as being matters easie for their 
lightnesse to be moved and deprived of all other contrary inclination, yea more, 
as being matters that partake also of the conditions and properties of the Earth; I 
comprehend without any difficulty; but that birds, which as having life, may 
move with a motion quite contrary to the diurnal, once having surceased the said 
motion, the Air should restore them to it, seems to me a little strange, and the 
rather for that they are solid and weighty bodies; and withal, we see; as hath 
been said, stones and other grave bodies to lie unmoved against the impetus of 
the air; and when they suffer themselves to be overcome thereby, they never 
acquire so much velocity as the wind which carrieth them. 


SALV. 


We ascribe not so little force, Sagredus, to the moved Air, which is able to move 
and bear before it ships full fraught, to tear up trees by the roots, and overthrow 
Towers when it moveth swiftly; and yet we cannot say that the motion of the Air 
in these violent operations is neer so violent, as that of the diurnal revolution. 


SIMP. 


You see then that the moved Air may also cotinue the motion of projects, 
according to the Doctrine of Aristotle; and it seemed to me very strange that he 
should have erred in this particular. 


SALV. 


It may without doubt, in case it could continue it self, but lik as when the wind 
ceasing neither ships go on, nor trees are blown down, so the motion in the Air 
not continuing after the stone is gone out of the hand, and the Air ceasing to 
move, it followeth that it must be something else besides the Air that maketh the 
projects to move. 


SIMP. 


But how upon the winds being laid, doth the ship cease to move? Nay you may 
see that when the wind is down, and the sails furl’d, the vessel continueth to run 
whole miles. 


SALV. 


But this maketh against your self Simplicius, for that the wind being laid that 
filling the sails drove on the ship, yet neverthelesse doth it without help of the 
medium continue its course. 


SIMP. 


It might be said that the water was the medium which carried forward the ship, 
and maintain’d it in motion. 


SALV. 


It might indeed be so affirmed, if you would speak quite contrary to truth; for the 
truth is, that the water, by reason of its great resistance to the division made by 
the hull of the ship, doth with great noise resist the same; nor doth it permit it of 
a great while to acquire that velocity which the wind would confer upon it, were 
the obstacle of the water removed. Perhaps Simplicius you have never 
considered with what fury the water besets a bark, whil’st it forceth its way 
through a standing water by help of Oars or Sails: for if you had ever minded 
that effect, you would not now have produced such an absurdity. And I am 
thinking that you have hitherto been one of those who to find out how such 
things succeed, and to come to the knowledg of natural effects, do not betake 
themselves to a Ship, a Crosse-bow, or a piece of Ordinance, but retire into their 
studies, and turn over Indexes and Tables to see whether Aristotle hath spoken 
any thing thereof, and being assured of the true sense of the Text, neither desire 
nor care for knowing any more. 


SAGR. 


This is a great felicity, The great felicity for which they are much to be envied 
who perswade themselves that they know every thing. and they are to be much 
envied for it. For if knowledg be desired by all, and if to be wise, be to think 
ones self so, they enjoy a very great happinesse, for that they may perswade 
themselves that they know and understand all things, in soorn of those who 
knowing, that they understand not what these think they understand, and 
consequently seeking that they know not the very least particle of what is 
knowable, kill themselves with waking and studying, and consume their days in 
experiments and observations. But pray you let us return to our birds; touching 
which you have said, that the Air being moved with great velocity, might restore 
unto them that part of the diurnal motion which amongst the windings of their 
flight they might have lost; to which I reply, that the agitated Air seemeth unable 
to confer on a solid and grave body, so great a velocity as its own: And because 
that of the Air is as great as that of the Earth, I cannot think that the Air is able to 
make good the losse of the birds retardation in flight. 


SALV. 


Your discourse hath in it much of probability, and to stick at trivial doubts is not 
for an acute wit; yet neverthelesse the probability being removed, I believed that 
it hath not a jot more force than the others already considered and resolved. 


SAGR. 


It is most certain that if it be not necessarily concludent, its efficacy must needs 
be just nothing at all, for it is onely when the conclusion is necessary that the 
opponent hath nothing to alledg on the contrary. 


SALV. 


Your making a greater scruple of this than of the other instances dependeth, if I 
mistake not, upon the birds being animated, and thereby enabled to use their 
strength at pleasure against the primary motion in-bred in terrene bodies: like as 
for example, we see them whil’st they are alive to fly upwards, a thing 
altogether impossible for them to do as they are grave bodies; whereas being 
dead they can onely fall downwards; and therefore you hold that the reasons that 
are of force in all the kinds of projects above named, cannot take place in birds: 
Now this is very true; and because it is so, Sagredus, that doth not appear to be 


done in those projects, The answer to the argument taken from the flight of birds 
contrary to the motion of the Earth. which we see the birds to do. For if from the 
top of a Tower you let fall a dead bird and a live one, the dead bird shall do the 
same that a stone doth, that is, it shall first follow the general motion diurnal, and 
then the motion of descent, as grave; but if the bird let fall, be a live, what shall 
hinder it, (there ever remaining in it the diurnal motion) from soaring by help of 
its wings to what place of the Horizon it shall please? and this new motion, as 
being peculiar to the bird, and not participated by us, must of necessity be visible 
to us; and if it be moved by help of its wings towards the West, what shall hinder 
it from returning with a like help of its wings unto the Tower. And, because, in 
the last place, the bird swending its flight towards the West was no other than a 
withdrawing from the diurnal motion, (which hath, suppose ten degrees of 
velocity) one degree onely, there did thereupon remain to the bird whil’st it was 
in its flight nine degrees of velocity, and so soon as it did alight upon the the 
Earth, the ten common degrees returned to it, to which, by flying towards the 
East it might adde one, and with those eleven overtake the Tower. And in short, 
if we well consider, and more narrowly examine the effects of the flight of birds, 
they differ from the projects shot or thrown to any part of the World in nothing, 
save onely that the projects are moved by an external projicient, An experiment 
with which alone is shewn the nullity of all the objections produced against the 
motion of the Earth. and the birds by an internal principle. And here for a final 
proof of the nullity of all the experiments before illedged, I conceive it now a 
time and place convenient to demonstrate a way how to make an exact trial of 
them all. Shut your self up with some friend in the grand Cabbin between the 
decks of some large Ship, and there procure gnats, flies, and such other small 
winged creatures: get also a great tub (or other vessel) full of water, and within it 
put certain fishes; let also a certain bottle be hung up, which drop by drop letteth 
forth its water into another bottle placed underneath, having a narrow neck: and, 
the Ship lying still, observe diligently how those small winged animals fly with 
like velocity towards all parts of the Cabin; how the fishes swim indifferently 
towards all sides; and how the distilling drops all fall into the bottle placed 
underneath. And casting any thing towards your friend, you need not throw it 
with more force one way then another, provided the distances be equal: and 
leaping, as the saying is, with your feet closed, you will reach as far one way as 
another. Having observed all these particulars, though no man doubteth that so 
long as the vessel stands still, they ought to succeed in this manner; make the 
Ship to move with what velocity you please; for (so long as the motion is 
uniforme, and not fluctuating this way and that way) you shall not discern any 
the least alteration in all the forenamed effects; nor can you gather by any of 


them whether the Ship doth move or stand still. In leaping you shall reach as far 
upon the floor, as before; nor for that the Ship moveth shall you make a greater 
leap towards the poop than towards the prow; howbeit in the time that you staid 
in the Air, the floor under your feet shall have run the contrary way to that of 
your jump; and throwing any thing to your companion you shall not need to cast 
it with more strength that it may reach him, if he shall be towards the prow, and 
you towards the poop, then if you stood in a contrary situation; the drops shall all 
distill as before into the inferiour bottle, and not so much as one shall fall 
towards the poop, albeit whil’st the drop is in the Air, the Ship shall have run 
many feet; the Fishes in their water shall not swim with more trouble towards the 
fore-part, than towards the hinder part of the tub; but shall with equal velocity 
make to the bait placed on any side of the tub; and lastly, the flies and gnats shall 
continue their flight indifferently towards all parts; nor shall they ever happen to 
be driven together towards the side of the Cabbin next the prow, as if they were 
wearied with following the swift course of the Ship, from which through their 
suspension in the Air, they had been long separated; and if burning a few graines 
of incense you make a little smoke, you shall see it ascend on high, and there in 
manner of a cloud suspend it self, and move indifferently, not inclining more to 
one side than another: and of this correspondence of effects the cause is for that 
the Ships motion is common to all the things contained in it, and to the Air also; 
I mean if those things be shut up in the Cabbin: but in case those things were 
above deck in the open Air, and not obliged to follow the course of the Ship, 
differences more or lesse notable would be observed in some of the forenamed 
effects, and there is no doubt but that the smoke would stay behind as much as 
the Air it self; the flies also, and the gnats being hindered by the Air would not 
be able to follow the motion of the Ship, if they were separated at any distance 
from it. But keeping neer thereto, because the Ship it self as being an 
unfractuous Fabrick, carrieth along with it part of its neerest Air, they would 
follow the said Ship without any pains or difficulty. And for the like reason we 
see sometimes in riding post, that the troublesome flies andTafaris, horse-flyes. 
hornets do follow the horses flying sometimes to one, sometimes to another part 
of the body, but in the falling drops the difference would be very small; and in 
the salts, and projections of grave bodies altogether imperceptible. 


SAGR. 


Though it came not into my thoughts to make triall of these observations, when I 
was at Sea, yet am I confident that they will succeed in the same manner, as you 
have related; in confirmation of which I remember that being in my Cabbin I 


have asked an hundred times whether the Ship moved or stood still; and 
sometimes I have imagined that it moved one way, when it steered quite another 
way. I am therefore as hitherto satisfied and convinced of the nullity of all those 
experiments that have been produced in proof of the negative part. There now 
remains the objection founded upon that which experience shews us, namely, 
that a swift Vertigo or whirling about hath a faculty to extrude and disperse the 
matters adherent to the machine that turns round; whereupon many were of 
opinion, and Ptolomy amongst the rest, that if the Earth should turn round with 
so great velocity, the stones and creatures upon it should be tost into the Skie, 
and that there could not be a morter strong enough to fasten buildings so to their 
foundations, but that they would likewise suffer a like extrusion. 


SALV. 


Before I come to answer this objection, I cannot but take notice of that which I 
have an hundred times observed, and not without laughter, to come into the 
minds of most men so soon as ever they hear mention made of this motion of the 
Earth, which is believed by them so fixt and immoveable, that they not only 
never doubted of that rest, but have ever strongly believed that all other men 
aswell as they, have held it to be created immoveable, and so to have continued 
through all succeeding ages: The stupidity of some that think the Earth to have 
begun to move, when Pythagoras began to affirme that it did so. and being setled 
in this perswasion, they stand amazed to hear that any one should grant it 
motion, as if, after that he had held it to be immoveable, he had fondly thought it 
to commence its motion then (and not till then) when Pythagoras (or whoever 
else was the first hinter of its mobility) said that it did move. Now that such a 
foolish conceit (I mean of thinking that those who admit the motion of the Earth, 
have first thought it to stand still from its creation, untill the time of Pythagoras, 
and have onely made it moveable after that Pythagoras esteemed it so) findeth a 
place in the mindes of the vulgar, and men of shallow capacities, I do not much 
wonder; but that such persons as Aristotle and Ptolomy should also run into this 
childish mistake, is to my thinking a more admirable and unpardonable folly. 


SAGR. 


You believe then, Salviatus, that Ptolomy thought, that in his Disputation he was 
to maintain the stability of the Earth against such persons, as granting it to have 
been immoveable, untill the time of Pythagoras, did affirm it to have been but 
then made moveable, when the said Pythagoras ascribed unto it motion. 


SALV. 


We can think no other, if we do but consider the way he taketh to confute their 
assertion; Aristotle and Ptolomy seem to confute the mobility of the Earth 
against those who thought that it having a long time stood still, did begin to 
move in the time of Pythagoras the confutation of which consists in the 
demolition of buildings, and the tossing of stones, living creatures and men 
themselves up into the Air. And because such overthrows and extrusions cannot 
be made upon buildings and men, which were not before on the Earth, nor can 
men be placed, nor buildings erected upon the Earth, unlesse when it standeth 
still; hence therefore it is cleer, that Ptolomy argueth against those, who having 
granted the stability of the Earth for some time, that is, so long as living 
creatures, stones, and Masons were able to abide there, and to build Palaces and 
Cities, make it afterwards precipitately moveable to the overthrow and 
destructiof Edifices, and living creatures, &c. For if he had undertook to dispute 
against such as had ascribed that revolution to the Earth from its first creation, he 
would have confuted them by saying, that if the Earth had alwayes moved, there 
could never have been placed upon it either men or stones; much less could 
buildings have been erected, or Cities founded, &c. 


SIMP. 
I do not well conceive these Aristotelick and Ptolomaick inconveniences. 
SALV. 


Ptolomey either argueth against those who have esteemed the Earth always 
moveable; or against such as have held that it stood for some time still, and hath 
since been set on moving. If against the first, he ought to say, that the Earth did 
not always move, for that then there would never have been men, animals, or 
edifices on the Earth, its vertigo not permitting them to stay thereon. But in that 
he arguing, saith that the Earth doth not move, because that beasts, men, and 
houses before plac’d on the Earth would precipitate, he supposeth the Earth to 
have been once in such a state, as that it did admit men and beasts to stay, and 
build thereon; the which draweth on the consequence, that it did for some time 
stand still, to wit, was apt for the abode of animals and erection of buildings. Do 
you now conceive what I would say? 


SIMP. 


I do, and I do not: but this little importeth to the merit of the cause; nor can a 
small mistake of Ptolomey, committed through inadvertencie be sufficient to 
move the Earth, when it is immoveable. But omitting cavils, let us come to the 
substance of the argument, which to me seems unanswerable. 


SALV. 


And I, Simplicius, will drive it home, and re-inforce it, by shewing yet more 
sensibly, that it is true that grave bodies turn’d with velocity about a settled 
centre, do acquire an impetus of moving, and receding to a distance from that 
centre, even then when they are in a state of having a propension of moving 
naturally to the same. Tie a bottle that hath water in it, to the end of a cord, and 
holding the other end fast in your hand, and making the cord and your arm the 
semidiameter, and the knitting of the shoulder the centre, swing the bottle very 
fast about, so as that it may describe the circumference of a circle, which, 
whether it be parallel to the Horizon, or perpendicular to it, or any way inclined, 
it shall in all cases follow, that the water will not fall out of the bottle: nay, he 
that shall swing it, shall find the cord always draw, and strive to go farther from 
the shoulder. And if you bore a hole in the bottom of the bottle, you shall see the 
water spout forth no less upwards into the skie, than laterally, and downwards to 
the Earth; and if instead of water, you shall put little pebble stones into the 
bottle, and swing it in the same manner, you shall find that they will strive in the 
like manner against the cord. And lastly, we see boys throw stones a great way, 
by swinging round a piece of a stick, at the end of which the stone is let into a 
slit (which stick is called by them a sling;) all which are arguments of the truth 
of the conclusion, to wit, that the vertigo or swing conferreth upon the moveable, 
a motion towards the circumference, in case the motion be swift: and therefore if 
the Earth revolve about its own centre, the motion of the superficies, and 
especially towards the great circle, as being incomparably more swift than those 
before named, ought to extrude all things up into the air. 


SIMP. 


The Argument seemeth to me very well proved and inforced; and I believe it 
would be an hard matter to answer and overthrow it. 


SALV. 


Its solution dependeth upon certain notions no less known and believed by you, 
than by my self: but because they come not into your mind, therefore it is that 
you perceive not the answer; wherefore, without telling you it (for that you know 
the same already) I shall with onely assisting your memory, make you to refute 
this argument. 


SIMP. 


I have often thought of your way of arguing, which hath made me almost think 
that you lean to that opinion of Plato, Our knowledg is a kind of reminiscence 
according to Plato. Quod nostrum scire sit quoddam reminisci; therefore I intreat 
you to free me from this doubt, by letting me know your judgment. 


SALV. 


What I think of the opinion of Plato, you may gather from my words and actions. 
I have already in the precedent conferences expresly declared my self more than 
once; I will pursue the same style in the present case, which may hereafter serve 
you for an example, thereby the more easily to gather what my opinion is 
touching the attainment of knowledg, when a time shall offer upon some other 
day: but I would not have Sagred s offended at this digression. 


SAGR. 


I am rather very much pleased with it, for that I remember that when I studied 
Logick, I could never comprehend that so much cry’d up and most potent 
demonstration of Aristotle. 


SALV. 


Let us go on therefore; and let Simplicius, tell me what that motion is which the 
stone maketh that is held fast in the slit of the sling, when the boy swings it 
about to throw it a great way? 


SIMP. 


The motion of the stone, so long as it is in the slit, is circular, that is, moveth by 
the arch of a circle, whose stedfast centre is the knitting of the shoulder, and its 
semidiameter the arm and stick. 


SALV. 


And when the stone leaveth the sling, what is its motion? Doth it continue to 
follow its former circle, or doth it go by another line? 


SIMP. 


It will continue no longer to swing round, for then it would not go farther from 
the arm of the projicient, whereas we see it go a great way off. 


SALV. 

With what motion doth it move then? 

SIMP. 

Give me a little time to think thereof; For I have never considered it before. 
SALV. 


Hark hither, Sagredus; this is the Quoddam reminisci in a subject well 
understood. You have paused a great while, Simplicius. 


SIMP. 


As far as I can see, the motion received in going out of the sling, can be no other 
than by a right line; nay, it must necessarily be so, if we speak of the pure 
adventitious impetus. I was a little puzled to see it make an arch, but because 
that arch bended all the way upwards, and no other way, I conceive that that 
incurvation cometh from the gravity of the stone, Th motion impressed by the 
projicient is onely by a right line. vvhich naturally dravveth it dovvnvvards. The 
impressed impetus, I say, vvithout respecting the natural, is by a right line. 


SALV. 


But by what right line? Because infinite, and towards every side may be 
produced from the slit of the sling, and from the point of the stones separation 
from the sling. 


SIMP. 


It moveth by that line which goeth directly from the motion which the stone 
made in the sling. 


SALV. 


The motion of the stone whilst it was in the slit, you have affirmed already to be 
circular; now circularity opposeth directness, there not being in the circular line 
any part that is direct or streight. 


SIMP. 


I mean not that the projected motion is direct in respect of the whole circle, but 
in reference to that ultimate point, where the circular motion determineth. I know 
what I would say, but do not well know how to express my self. 


SALV. 


And I also perceive that you understand the business, but that you have not the 
proper terms, wherewith to express the same. Now these I can easily teach you; 
teach you, that is, as to the words, but not as to the truths, which are things. And 
that you may plainly see that you know the thing I ask you, and onely want 
language to express it, tell me, when you shoot a bullet out of a gun, towards 
what part is it, that its acquired impetus carrieth it? 


SIMP. 

Its acquired impetus carrieth it in a right line, which continueth the rectitude of 
the barrel, that is, which inclineth neither to the right hand nor to the left, nor 
upwards nor downwards. 


SALV. 


Which in short is asmuch as to say, it maketh no angle with the line of streight 
motion made by the sling. 


SIMP. 
So I would have said. 


SALV. 


If then the line of the projects motion be to continue without making an angle 
upon the circular line described by it, whilst it was with the projicient; and if 
from this circular motion it ought to pass to the right motion, what ought this 
right line to be? 


SIMP. 


It must needs be that which toucheth the circle in the point of separation, for that 
all others, in my opinion, being prolonged would intersect the circumference, 
and by that means make some angle therewith. 


SALV. 


You have argued very well, and shewn your self half a Geometrician. Keep in 
mind therefore, that your true opinion is exprest in these words, namely, That the 
project acquireth an impetus of moving by the Tangent, the arch described by the 
motion of the projicient, in the point of the said projects separation from the 
projicient. 


SIMP. 
I understand you very well, and this is that which I would say. 
SALV. 


Of a right line which toucheth a circle, which of its points is the nearest to the 
centre of that circle? 


SIMP. 


That of the contact without doubt: for that is in the circumference of a circle, and 
the rest without: and the points of the circumference are all equidistant from the 
centre. 


SALV. 


Therefore a moveable departing from the contact, and moving by the streight 
Tangent, goeth continually farther and farther from the contact, and also from 
the centre of the circle. 


SIMP. 
It doth so doubtless. 
SALV. 


Now if you have kept in mind the propositions, which you have told me, lay 
them together, and tell me what you gather from them. 


SIMP. 


I think I am not so forgetful, but that I do remember them. The project moveth 
by the Tangent of the circle of the motion precedent in the point of separation. 
From the things premised I gather that the project swiftly swinged round by the 
projicient, in its separating from it, doth retain an impetus of continuing its 
motion by the right line, which toucheth the circle described by the motion of the 
projicient in the point of separation, by which motion the project goeth 
continually receding from the centre of the circle described by the motion of the 
projicient. 


SALV. 


You know then by this time the reason why grave bodies sticking to the rim of a 
wheele, swiftly moved, are extruded and thrown beyond the circumference to yet 
a farther distance from the centre. 


SIMP. 


I think I understand this very well; but this new knowledg rather increaseth than 
lesseneth my incredulity that the Earth can turn round with so great velocity, 
without extruding up into the sky, stones, animals, &c. 


SALV. 


In the same manner that you have understood all this, you shall, nay you do 
understand the rest: and with recollecting your self, you may remember the same 
without the help of others: but that we may lose no time, I will help your 
memory therein. You do already know of your self, that the circular motion of 
the projicient impresseth on the project an impetus of moving (when they come 
to separate) by the right Tangent, the circle of the motion in the point of 


separation, and continuing along by the same the motion ever goeth receding 
farther and farther from the projicient: and you have said, that the project would 
continue to move along by that right line, if there were not by its proper weight 
an inclination of descent added unto it; from which the incurvation of the line of 
motion is derived. It seems moreover that you knew of your self, that this 
incurvation always bended towards the centre of the Earth, for thither do all 
grave bodies tend. Now I proceed a little farther, and ask you, whether the 
moveable after its separation, in continuing the right motion goeth always 
equally receding from the centre, or if you will, from the circumference of that 
circle, of which the precedent motion was a part; which is as much as to say, 
Whether a moveable, that forsaking the point of a Tangent, and moving along by 
the said Tangent, doth equally recede from the point of contact, and from the 
circumference of the circle? 


SIMP. 


No, Sir: for the Tangent near to the point of contact, recedeth very little from the 
circumference, wherewith it keepeth a very narrow angle, but in its going farther 
and farther off, the distance always encreaseth with a greater proportion; so that 
in a circle that should have v. g. ten yards of diameter, a point of the Tangent 
that was distant from the contact but two palms, would be three or four times as 
far distant from the circumference of the circle, as a point that was distant from 
the contaction one palm, and the point that was distant half a palm, I likewise 
believe would fearse recede the fourth part of the distance of the second: so that 
within an inch or two of the contact, the separation of the Tangent from the 
circumference is scarse discernable. 


SALV. 


So that the recession of the project from the circumference of the precedent 
circular motion is very small in the begining? 


SIMP. 
Almost insensible. 
SALV. 


Now tell me a little; the project, which from the motion of the projicient 
receiveth an impetus of moving along the Tangent in a right line, and that would 


keep unto the same, did not its own weight depress it downwards, how long is it 
after the separation, ere it begin to decline downwards. 


SIMP. 


I believe that it beginneth presently; for it not having any thing to uphold it, its 
proper gravity cannot but operate. A grave project, as s on as it is separated from 
the projicient begineth to decline. 


SALV. 


So that, if that same stone, which being extruded from that wheel turn’d about 
very fast, had as great a natural propension of moving towards the centre of the 
said wheel, as it hath to move towards the centre of the Earth, it would be an 
easie matter for it to return unto the wheel, or rather not to depart from it; in 
regard that upon the begining of the separation, the recession being so small, by 
reason of the infinite acuteness of the angle of contact, every very little of 
inclination that draweth it back towards the centre of the wheel, would be 
sufficient to retain it upon the rim or circumference. 


SIMP. 


I question not, but that if one suppose that which neither is, nor can be, to wit, 
that the inclination of those grave bodies was to go towards the centre of the 
wheel, they would never come to be extruded or shaken off. 


SALV. 


But I neither do, nor need to suppose that which is not; for I will not deny but 
that the stones are extruded. Yet I speak this by way of supposition, to the end 
that you might grant me the rest. Now fancy to your self, that the Earth is that 
great wheel, which moved with so great velocity is to extrude the stones. You 
could tell me very well even now, that the motion of projection ought to be by 
that right line which toucheth the Earth in the point of separation: and this 
Tangent, how doth it notably recede from the superficies of the Terrestrial 
Globe? 


SIMP. 


I believe, that in a thousand yards, it will not recede from the Earth an inch. 


SALV. 


And did you not say, that the project being drawn by its own weight, declineth 
from the Tangent towards the centre of the Earth? 


SIMP. 


I said so, and also confesse the rest: and do now plainly understand that the stone 
will not separate from the Earth, for that its recession in the beginning would be 
such, and so small, that it is a thousand times exceeded by the inclination which 
the stone hath to move towards the centre of the Earth, which centre in this case 
is also the centre of the wheel. And indeed it must be confessed that the stones, 
the living creatures, and the other grave bodies cannot be extruded; but here 
again the lighter things beget in me a new doubt, they having but a very weak 
propension of descent towards the centre; so that there being wanting in them 
that faculty of withdrawing from the superficies, I see not, but that they may be 
extruded; and you know the rule, that ad destruendum sufficit unum. 


SAVL. 


We will also give you satisfaction in this. Tell me therefore in the first place, 
what you understand by light matters, that is, whether you thereby mean things 
really so light, as that they go upvvards, or else not absolutely light, but of so 
small gravity, that though they descend downwards, it is but very slowly; for if 
you mean the absolutely light, I will be readier than your self to admit their 
extrusion. 


SIMP. 


I speak of the other sort, such as are feathers, wool, cotton, and the like; to lift up 
which every small force sufficeth: yet neverthelesse we see they rest on the 
Earth very quietly. 


SALV. 


This pen, as it hath a natural propension to descend towards the superficies of 
the Earth, though it be very small, yet I must tell you that it sufficeth to keep it 
from mounting upwards: and this again is not unknown to you your self; 
therefore tell me if the pen were extruded by the Vertigo of the Earth, by what 
line would it move? 


SIMP. 
By the tangent in the point of separation. 
SALV. 


And when it should be to return, and re-unite it self to the Earth, by what line 
would it then move? 


SIMP. 
By that which goeth from it to the centre of the Earth. 
SALV. 


So then here falls under our consideration two motions; one the motion of 
projection, which beginneth from the point of contact, and proceedeth along the 
tangent; and the other the motion of inclination downwards, which beginneth 
from the project it self, and goeth by the secant towards the centre; and if you 
desire that the projection follow, it is necessary that the impetus by the tangent 
overcome the inclination by the secant: is it not so? 


SIMP. 
So it seemeth to me. 
SALV. 


But what is it that you think necessary in the motion of the projicient, to make 
that it may prevail over that inclination, from which ensueth the separation and 
elongation of the pen from the Earth? 


SIMP. 
I cannot tell. 
SALV. 


How, do you not know that? The moveable is here the same, that is, the same 
pen; now how can the same moveable superate and exceed it self in motion? 


SIMP. 


I do not see how it can overcome or yield to it self in motion, unlesse by moving 
one while faster, and another while slower. 


SALV. 


You see then, that you do know it. If therefore the projection of the pen ought to 
follow, and its motion by the tangent be to overcome its motion by the secant, 
what is it requisite that their velocities should be? 


SIMP. 


It is requisite that the motion by the tangent be greater than that other by the 
secant. But wretch that I am! Is it not only many thousand times greater than the 
descending motion of the pen, but than that of the stone? And yet like a simple 
fellow I had suffered my self to be perswaded, that stones could not be extruded 
by the revolution of the Earth. I do therefore revoke my former sentence, and 
say, that if the Earth should move, stones, Elephants, Towers, and whole Cities 
would of necessity be tost up into the Air; and because that that doth not evene, I 
conclude that the Earth doth not move. 


SALV. 


Softly Simplicius, you go on so fast, that I begin to be more afraid for you, than 
for the pen. Rest a little, and observe what I am going to speap. If for the 
reteining of the stone or pen annexed to the Earths surface it were necessary that 
its motion of descent were greater, or as much as the motion made by the 
tangent; you would have had reason to say, that it ought of necessity to move as 
fast, or faster by the secant downwards, than by the tangent Eastwards: But did 
not you tell me even now, that a thousand yards of distance by the tangent from 
the contact, do remove hardly an inch from the circumference? It is not sufficient 
therefore that the motion by the tangent, which is the same with that of the 
diurnall Vertigo, (or hasty revolution) be simply more swift than the motion by 
the secant, which is the same with that of the pen in descending; but it is 
requisite that the same be so much more swift as that the time which sufficeth 
for the pen to move v. g. a thousand yards by the tangent, be insufficient for it to 
move one sole inch by the secant. The which I tell you shall never be, though 
you should make that motion never so swift, and this never so slow. 


SIMP. 


And why might not that by the tangent be so swift, as not to give the pen time to 
return to the surface of the Earth? 


SALV. 


Try whether you can state the case in proper termes, and I will give you an 
answer. Tell me therefore, how much do you think sufficeth to make that motion 
swifter than this? 


SIMP. 


I will say for example, that if that motion by the tangent were a million of times 
swifter than this by the secant, the pen, yea, and the stone also would come to be 
extruded. 


SALV. 


You say so, and say that which is false, onely for want, not of Logick, Physicks, 
or Metaphysicks, but of Geometry; for if you did but understand its first 
elements, you would know, that from the centre of a circle a right line may be 
drawn to meet the tangent, which intersecteth it in such a manner, that the part of 
the tangent between the contact and the secant, may be one, two, or three 
millions of times greater than that part of the secant which lieth between the 
tangent and the circumference, and that the neerer and neerer the secant shall be 
to the contact, this proportion shall grow greater and greater in infinitum; so that 
it need not be feared, though the vertigo be swift, and the motion downwards 
slow, that the pen or other lighter matter can begin to rise upwards, for that the 
inclination downwards always exceedeth the velocity of the projection. 


SAGR. 
I do not perfectly apprehend this businesse. 
SALV. 


I will give you a most universal yet very easie demonstration thereof. A 
geometrical demonstration to prove the impossibility of extrusion by means of 
the terrestrial vertigo. Let a proportion be given between BA [in Fig. 3. ] and C: 


And let BA be greater than C at pleasure. And let there be described a circle, 
whose centre is D. From which it is required to draw a secant, in such manner, 
that the tangent may be in proportion to the said secant, as BA to C. Let AI be 
supposed a third proportional to BA and C. And as BI is to IA, so let the 
diameter FE be to EG; and from the point G, let there be drawn the tangent GH. 
I say that all this is done as was required; and as BA is to C, so is HG to GE. 
And in regard that as BI is to IA, so is FE to EG; therefore by composition, as 
BA is to AI; so shall FG be to GE. And because C is the middle proportion 
between BA and AI; and GH is a middle term between FG and GE; therefore, as 
BA is to C, so shall FG be to GH; that is HG to GE, which was to be 
demonstrated. 


SAGR. 


I apprehend this demonstration; yet neverthelesse, I am not left wholly without 
haesitation; for I find certain confused scruples role to and again in my mind, 
which like thick and dark clouds, permit me not to discern the cleernesse and 
necessity of the conclusion with that perspicuity, which is usual in Mathematical 
Demonstrations. And that which I stick at is this. It is true that the spaces 
between the tangent and the circumference do gradually diminish in infinitum 
towards the contact; but it is also true on the contrary, that the propension of the 
moveable to descending groweth less & less in it, the nearer it is to the first term 
of its descent; that is, to the state of rest; as is manifest from that which you 
declare unto us, demonstrating that the descending grave body departing from 
rest, ought to passe thorow all the degrees of tardity comprehended between the 
said rest, & any assigned degree of velocity, the which grow less and in 
infinitum. To which may be added, that the said velocity and propension to 
motion, doth for another reason diminish to infinity; and it is because the gravity 
of the said moveable may infinitely diminish. So that the causes which diminish 
the propension of ascending, and consequently favour the projection, are two; 
that is, the levity of the moveable, and its vicinity to the state of rest; both which 
are augmentable in infinit. and these two on the contrary being to contract but 
with one sole cause of making the projection, I cannot conceive how it alone, 
although it also do admit of infinite augmentation, should be able to remain 
invincible against the union & confederacy of the others, w® are two, and are in 
like manner capable of infinite augmentation. 


SALV. 


This is a doubt worthy of Sagredus; and to explain it so as that we may more 
cleerly apprehend it, for that you say that you your self have but a confused Idea 
of it, we will distinguish of the same by reducing it into figure; which may also 
perhaps afford us some ease in resolving the same. Let us therefore [in Fig. 4. ] 
draw a perpendicular line towards the centre, and let it be AC, and to it at right 
angles let there be drawn the Horizontal line AB, upon which the motion of the 
projection ought to be made; now the project would continue to move along the 
same with an even motion, if so be its gravity did not incline it downwards. Let 
us suppose from the point A a right line to be drawn, that may make any angle at 
pleasure with the line AB; which let be AE, and upon AB let us mark some 
equal spaces AF, FH, HK, and from them let us let fall the perpendiculars FG, 
HI, KL, as far as AE. And because, as already hath been said, the descending 
grave body departing from rest, goeth from time to time acquiring a greater 
degrees of velocity, according as the said time doth successively encrease; we 
may conceive the spaces AF, FH, HK, to represent unto us equal times; and the 
perpendiculars FG, HI, KL, degrees of velocity acquired in the said times; so 
that the degree of velocity acquired in the whole time AK, is as the line KL, in 
respect to the degree HI, acquired in the time AH, and the degree FG in the time 
AF; the which degrees KL, HI, FG, are (as is manifest) the same in proportion, 
as the times KA, HA, FA, and if other perpendiculars were drawn from the 
points marked at pleasure in the line FA, one might successively find degrees 
lesse and lesse in infinitum, proceeding towards the point A, representing the 
first instant of time, and the first state of rest. And this retreat towards A, 
representeth the first propension to the motion of descent, diminished in 
infinitum by the approach of the moveable to the first state of rest, which 
approximation is augmentable in infinitum. Now let us find the other diminution 
of velocity, which likewise may proceed to infinity, by the diminution of the 
gravity of the moveable, and this shall be represented by drawing other lines 
from the point A, which contein angles lesse than the angle BAE, which would 
be this line AD, the which intersecting the parallels KL, HI, FG, in the points M, 
N, and O, represent unto us the degrees FO, HN, KM, acquired in the times AF, 
AH, AK, lesse than the other degrees FG, HI, KL, acquired in the same times; 
but these latter by a moveable more ponderous, and those other by a moveable 
more light. And it is manifest, that by the retreat of the line EA towards AB, 
contracting the angle EAB (the which may be done in infinitum, like as the 
gravity may in infinitum be diminished) the velocity of the cadent moveable may 
in like manner be diminished in infinitum, and so consequently the cause that 
impeded the projection; and therefore my thinks that the union of these two 
reasons against the projection, diminished to infinity, cannot be any impediment 


to the said projection. And couching the whole argument in its shortest terms, we 
will say, that by contracting the angle EAB, the degrees of velocity LK, IH, GF, 
are diminished; and moreover by the retreat of the parallels KL, HI, FG, towards 
the angle A, the same degrees are again diminished; and both these diminutions 
extend to infinity: Therefore the velocity of the motion of descent may very well 
diminish so much, (it admitting of a twofold diminution in infinitum) as that it 
may not suffice to restore the moveable to the circumference of the wheel, and 
thereupon may occasion the projection to be hindered and wholly obviated. 


Again on the contrary, to impede the projection, it is necessary that the spaces 
by which the project is to descend for the reuniting it self to the Wheel, be made 
so short and close together, that though the descent of the moveable be retarded, 
yea more, diminished in infinitum, yet it sufficeth to reconduct it thither: and 
therefore it would be requisite, that you find out a diminution of the said spaces, 
not only produced to infinity, but to such an infinity, as that it may superate the 
double infinity that is made in the diminution of the velocity of the descending 
moveable. But how can a magnitude be diminished more than another, which 
hath a twofold diminution in infinitum? Now let Simplicius observe how hard it 
is to philosophate well in nature, without Geometry. The degrees of velocity 
diminished in infinitum, as well by the diminution of the gravity of the 
moveable, as by the approxination to the first term of the motion, that is, to the 
State of rest, are alwayes determinate, and answer in proportion to the parallels 
comprehended between two right lines that concur in an angle, like to the angle 
BAE, or BAD, or any other infinitely more acute, alwayes provided it be 
rectilineall. But the diminution of the spaces thorow which the moveable is to be 
conducted along the circumference of the wheel, is proportionate to another kind 
of diminution, comprehended between lines that contain an angle infinitely more 
narrow and acute, than any rectilineal angle, how acute soever, which is that in 
our present case. Let any point be taken in the perpendicular AC, and making it 
the centre, describe at the distance CA, an arch AMP, the which shall intersect 
the parallels that determine the degrees of velocity, though they be very minute, 
and comprehended within a most acute rectilineal angle; of which parallels the 
parts that lie between the arch and the tangent AB, are the quantities of the 
spaces, and of the returns upon the wheel, alwayes lesser (and with greater 
proportion lesser, by how much neerer they approach to the contact) than the 
said parallels of which they are parts. The parallels comprehended between the 
right lines in retiring towards the angle diminish alwayes at the same rate, as v. 
g. AH being divided in two equal parts in F, the parallel HI shall be double to 
FG, and sub-dividing FA, in two equal parts, the parallel produced from the 


point of the division shall be the half of FG; and continuing the sub-division in 
infinitum, the subsequent parallels shall be alwayes half of the next preceding; 
but it doth not so fall out in the lines intercepted between the tangent and the 
circumference of the circle: For if the same sub-division be made in FA; and 
supposing for example, that the parallel which cometh from the point H, were 
double unto that which commeth from F, this shall be more then double to the 
next following, and c inually the neerer we come towards the contact A, we shall 
fi the precedent lines contein the next following three, four, ten, an hundred, a 
thousand, an hundred thousand, an hundred millions of times, and more in 
infinitum. The brevity therefore of such lines is so reduced, that it far exceeds 
what is requisite to make the project, though never so light, return, nay more, 
continue unremoveable upon the circumference. 


SAGR. 


I very well comprehend the whole discourse, and upon what it layeth all its 
stresse, yet neverthelesse methinks that he that would take pains to pursue it, 
might yet start some further questions, by saying, that of those two causes which 
render the descent of the moveable slower and slower in infinitum, it is manifest, 
that that which dependeth on the vicinity to the first term of the descent, 
increaseth alwayes in the same proportion, like as the parallels alwayes retain the 
same proportion to each other, &c. but that the diminution of the same velocity, 
dependent on the diminution of the gravity of the moveable (which vvas the 
second cause) doth also observe the same proportion, doth not so plainly appear, 
And vvho shall assure us that it doth not proceed according to the proportion of 
the lines intercepted between the secant, and the circumference; or vvhether 
vvith a greater proportion? 


SALV. 


I have assumed for a truth, that the velocities of moveables descending naturally, 
vvill follovv the proportion of their gravities, with the favour of Simplicius, and 
of Aristotle, who doth in many places affirm the same, as a proposition manifest: 
You, in favour of my adversary, bring the same into question, and say that its 
possible that the velocity increaseth with greater proportion, yea and greater in 
infinitum than that of the gravity; so that all that hath been said falleth to the 
ground: For maintaining whereof, I say, that the proportion of the velocities is 
much lesse than that of the gravities; and thereby I do not onely support but 
confirme the premises. And for proof of this I appeal unto experience, which 


will shew us, that a grave body, howbeit thirty or fourty times bigger then 
another; as for example, a ball of lead, and another of sugar, will not move much 
more than twice as fast. Now if the projection would not be made, albeit the 
velocity of the cadent body should diminish according to the proportion of the 
gravity, much lesse would it be made so long as the velocity is but little 
diminished, by abating much from the gravity. But yet supposing that the 
velocity diminisheth with a proportion much greater than that wherewith the 
gravity decreaseth, nay though it were the self-same wherewith those parallels 
conteined between the tangent and circumference do decrease, yet cannot I see 
any necessity why I should grant the projection of matters of never so great 
levity; yea I farther averre, that there could no such projection follow, meaning 
alwayes of matters not properly and absolutely light, that is, void of all gravity, 
and that of their own natures move upwards, but that descend very slowly, and 
have very small gravity. And that which moveth me so to think is, that the 
diminution of gravity, made according to the proportion of the parallels between 
the tangent and the circumference, hath for its ultimate and highest term the 
nullity of weight, as those parallels have for their last term of their diminution 
the contact it self, which is an indivisible point: Now gravity never diminisheth 
so far as to its last term, for then the moveable would cease to be grave; but yet 
the space of the reversion of the project to the circumference is reduced to the 
ultimate minuity, which is when the moveable resteth upon the circumference in 
the very point of contact; so as that to return thither it hath no need of space: and 
therefore let the propension to the motion of descent be never so small, yet is it 
alwayes more than sufficient to reconduct the moveable to the circumference, 
from which it is distant but its least space, that is, nothing at all. 


SAGR. 


Your discourse, I must confess, is very accurate; and yet no less concluding than 
it is ingenuous; and it must be granted that to go about to handle natural 
questions, without Geometry, is to attempt an impossibility. 


SALV. 


But Simplicius will not say so; and yet I do not think that he is one of those 
Peripateticks that disswade their Disciples from studying the Mathematicks, as 
Sciences that vitiate the reason, and render it lesse apt for contemplation. 


SIMP. 


I would not do so much wrong to Plato, but yet I may truly say with Aristotle, 
that he too much lost himself in, and too much doted upon that his Geometry: for 
that in conclusion these Mathematical subtilties Salviatus are true in abstract, but 
applied to sensible and Physical matter, they hold not good. For the 
Mathematicians will very well demonstrate for example, that Sphaera tangit 
planum in puncto; a position like to that in dispute, but when one cometh to the 
matter, things succeed quite another way. And so I may say of these angles of 
contact, and these proportions; which all evaporate into Air, when they are 
applied to things material and sensible. 


SALV. 


You do not think then, that the tangent toucheth the superficies of the terrestrial 
Globe in one point only? 


SIMP. 


No, not in one sole point; but I believe that a right line goeth many tens and 
hundreds of yards touching the surface not onely of the Earth, but of the water, 
before it separate from the same. 


SALV. 


But if I grant you this, do not you perceive that it maketh so much the more 
against your cause? For if it be supposed that the tangent was separated from the 
terrestrial superficies, yet it hath been however demonstrated that by reason of 
the great acuity of the angle of contingence (if happily it may be call’d an angle) 
the project would not separate from the same; how much lesse cause of 
separation would it have, if that angle should be wholly closed, The truth 
sometimes gaines strength by contradiction. and the superficies and the tangent 
become all one? Perceive you not that the Projection would do the same thing 
upon the surface of the Earth, which is asmuch as to say, it would do just nothing 
at all? You see then the power of truth, which while you strive to oppose it, your 
own assaults themselves uphold and defend it. But in regard that you have 
retracted this errour, I would be loth to leave you in that other which you hold, 
namely, that a material Sphere doth not touch a plain in one sole point: and I 
could wish some few hours conversation with some persons conversant in 
Geometry, might make you a little more intelligent amongst those who know 
nothing thereof. Now to shew you how great their errour is who say, that a 


Sphere v. g. of brasse, doth not touch a plain v. g. of steel in one sole point, Tell 
me what conceipt you would entertain of one that should constantly aver, that 
the Sphere is not truly a Sphere. 


SIMP. 
I would esteem him wholly devoid of reason. 
SALV. 


He is in the same case who saith that the material Sphere doth not touch a plain, 
The sphere although material, toucheth the material plane but in one point onely. 
also material, in one onely point; for to say this is the same, as to affirm that the 
Sphere is not a Sphere. And that this is true, tell me in what it is that you 
constitute the Sphere to consist, that is, what it is that maketh the Sphere differ 
from all other solid bodies. 


SIMP. 


I believe that the essence of a Sphere consisteth in having all the right lines 
produced from its centre to the circumference, The definition of the sphere. 
equal. 


SALV. 


So that, if those lines should not be equal, that same solidity would be no longer 
a sphere? 


SIMP. 
True. 
SALV. 


Go to; tell me whether you believe that amongst the many lines that may be 
drawn between two points, there may be more than one right line onely. 


SIMP. 


There can be but one. 


SALV. 


But yet you understand that this onely right line shall again of necessity be the 
shortest of them all? 


SIMP. 


I know it, and also have a demonstration thereof, produced by a great 
Peripatetick Philosopher, and as I take it, if my memory do not deceive me, he 
alledgeth it by way of reprehending Archimedes, that supposeth it as known, 
when it may be demonstrated. 


SALV. 


This must needs be a great Mathematician, that knew how to demonstrate that 
which Archimedes neither did, nor could demonstrate. And if you remember his 
demonstration, I would gladly hear it: for I remember very well, that Archimedes 
in his Books, de Sphaer & Cylindro, placeth this Proposition amongst the 
Postulata; and I verily believe that he thought it demonstrated. 


SIMP. 
I think I shall remember it, for it is very easie and short. 
SALV. 


The disgrace of Archimedes, and the honour of this Philosopher shall be so 
much the greater. 


SIMP. 


I will describe the Figure of it. Between the points A and B, The demonstration 
of a Peripatetick= to prove the right line to be t e shortest of all lines. [in Fig. 5. ] 
draw the right line AB, and the curve line ACB, of which we will prove the right 
to be the shorter: and the proof is this; take a point in the curve-line, which let be 
C, and draw two other lines, AC and CB, which two lines together, are longer 
than the sole line AB, for so demonstrateth Euclid. But the curve-line ACB, is 
greater than the two right-lines AC, and CB; therefore, a fortiori, the curve-line 
ACB, is much greater than the right line AB, which was to be demonstrated. 


SALV. 


I do not think that if one should ransack all the Paralogisms of the world, The 
Paralogism of the same Peripatetick= which proveth ignotum per ignotius. there 
could be found one more commodious than this, to give an example of the most 
solemn fallacy of all fallacies, namely, than that which proveth ignotum per 
ignotius. 


SIMP. 
How so? 
SALV. 


Do you ask me how so? The unknown conclusion which you desire to prove, is 
it not, that the curved line ACB, is longer than the right line AB; the middle term 
which is taken for known, is that the curve-line ACB, is greater than the two 
lines AC and CB, the which are known to be greater than AB; And if it be 
unknown whether the curve-line be greater than the single right-line AB, shall it 
not be much more unknown whether it be greater than the two right lines AC & 
CB, which are known to be greater than the sole line AB, & yet you assume it as 
known? 


SIMP. 

I do not yet very well perceive wherein lyeth the fallacy. 

SALV. 

As the two right lines are greater than AB, (as may be known by Euclid) and in 
as much as the curve line is longer than the two right lines AC and BC, shall it 
not not be much greater than the sole right line AB? 

SIMP. 


It shall so. 


SALV. 


That the curve-line ACB, is greater than the right line AB, is the conclusion 
more known than the middle term, which is, that the same curve-line is greater 
than the two right-lines AC and CB. Now when the middle term is less known 
than the conclusion, it is called a proving ignotum per ignotius. But to return to 
our purpose, it is sufficient that you know the right line to be the shortest of all 
the lines that can be drawn between two points. And as to the principal 
conclusion, you say, that the material sphere doth not touch the sphere in one 
sole point. What then is its contact? 


SIMP. 
It shall be a part of its superficies. 
SALV. 


And the contact likewise of another sphere equal to the first, shall be also a like 
particle of its superficies? 


SIMP. 
There is no reason vvhy it should be othervvise. 
SALV. 


Then the tvvo spheres vvhich touch each other, shall touch vvith the tvvo same 
particles of a superficies, for each of them agreeing to one and the same plane, 
they must of necessity agree in like manner to each other. A demonstration that 
the sphere toucheth the plane but in one point. Imagine now that the two spheres 
[in Fig. 6. ] whose centres are A and B, do touch one another: and let their 
centres be conjoyned by the right line AB, which passeth through the contact. It 
passeth thorow the point C, and another point in the contact being taken as D, 
conjoyn the two right lines AD and BD, so as that they make the triangle ADB; 
of which the two sides AD and DB shall be equal to the other one ACB, both 
those and this containing two semidiameters, which by the definition of the 
sphere are all equal: and thus the right line AB, drawn between the two centres A 
and B, shall not be the shortest of all, the two lines AD and DB being equal to it: 
which by your own concession is absurd. 


SIMP. 


This demonstration holdeth in the abstracted, but not in the material spheres. 
SALV. 


Instance then wherein the fallacy of my argument consisteth, if as you say it is 
not concluding in the material spheres, but holdeth good in the immaterial and 
abstracted. 


SIMP. 


The material spheres are subject to many accidents, Why the sphere in abstract, 
toucheth the plane onely in one point, and not the material in concrete. which the 
immaterial are free from. And because it cannot be, that a sphere of metal 
passing along a plane, its own weight should not so depress it, as that the plain 
should yield somewhat, or that the sphere it self should not in the contact admit 
of some impression. Moreover, it is very hard for that plane to be perfect, if for 
nothing else, yet at least for that its matter is porous: and perhaps it will be no 
less difficult to find a sphere so perfect, as that it hath all the lines from the 
centre to the superficies, exactly equal. 


SALV. 


I very readily grant you all this that you have said; but it is very much beside our 
purpose: for whilst you go about to shew me that a material sphere toucheth not 
a material plane in one point alone, you make use of a sphere that is not a sphere, 
and of a plane that is not a plane; for that, according to what you say, either these 
things cannot be found in the world, or if they may be found, they are spoiled in 
applying them to work the effect. It had been therefore a less evil, for you to 
have granted the conclusion, but conditionally, to wit, that if there could be made 
of matter a sphere and a plane that were and could continue perfect, they would 
touch in one sole point, and then to have denied that any such could be made. 


SIMP. 


I believe that the proposition of Philosophers is to be understood in this sense; 
for it is not to be doubted, but that the imperfection of the matter, maketh the 
matters taken in concrete, to disagree with those taken in abstract. 


SALV. 


What, do they not agree? Why, that which you your self say at this instant, 
proveth that they punctually agree. 


SIMP. 
How can that be? 
SALV. 


Do you not say, that through the imperfection of the matter, that body which 
ought to be perfectly spherical, and that plane which ought to be perfectly level, 
do not prove to be the same in concrete, as they are imagined to be in abstract? 


SIMP. 
This I do affirm. 
SALV. 


Then when ever in concrete you do apply a material Sphere to a material plane, 
Things are exactly the same in abstract as in concrete. you apply an imperfect 
Sphere to an imperfect plane, & these you say do not touch only in one point. 
But I must tell you, that even in abstract an immaterial Sphere, that is, not a 
perfect Sphere, may touch an immaterial plane, that is, not a perfect plane, not in 
one point, but with part of its superficies, so that hitherto that which falleth out 
in concrete, doth in like manner hold true in abstract. And it would be a new 
thing that the computations and rates made in abstract numbers, should not 
afterwards answer to the Coines of Gold and Silver, and to the merchandizes in 
concrete. But do you know Simplicius, how this commeth to passe? Like as to 
make that the computations agree with the Sugars, the Silks, the Wools, it is 
necessary that the accomptant reckon his tares of chests, bags, and such other 
things" So when the Geometricall Philosopher would observe in concrete the 
effects demonstrated in abstract, he must defalke the impediments of the matter, 
and if he know how to do that, I do assure you, the things shall jump no lesse 
exactly, than Arithmetical computations. The errours therefore lyeth neither in 
abstract, nor in concrete, nor in Geometry, nor in Physicks, but in the Calculator, 
that knoweth not how to adjust his accompts. Therefore if you had a perfect 
Sphere and plane, though they were material, you need not doubt but that they 
would touch onely in one point. And if such a Sphere was and is impossible to 
be procured, it was much besides the purpose to say, Quod Sphaera aenea non 


tangit in puncto. Furthermore, if I grant you Simplicius, that in matter a figure 
cannot be procured that is perfectly spherical, or perfectly level: Do you think 
there may be had two materiall bodies, whose superficies in some part, and in 
some sort are incurvated as irregularly as can be desired? 


SIMP. 
Of these I believe that there is no want. 
SALV. 


If such there be, Contact in a single point is not peculiar to the perfect Spheres 
onely, but belongeth to all curved figures. then they also will touch in one sole 
point; for this contact in but one point alone is not the sole and peculiar 
priviledge of the perfect Sphere and perfect plane. Nay, he that should prosecute 
this point with more subtil contemplations would finde that it is much harder to 
procure two bodies that touch with part of their s perficies, It is more difficult to 
find Figures that touch with a part of their surface, than in one sole point. than 
with one point onely. For if two superficies be required to combine well 
together, it is necessary either, that they be both exactly plane, or that if one be 
convex, the other be concave; but in such a manner concave, that the concavity 
do exactly answer to the convexity of the other: the which conditions are much 
harder to be found, in regard of their too narrow determination, than those 
others, which in their casuall latitude are infinite. 


SIMP. 


You believe then, that two stones, or two pieces of Iron taken at chance, and put 
together, do for the most part touch in one sole point? 


SALV. 


In casual encounters, I do not think they do; as well because for the most part 
there will be some small yielding filth upon them, as because that no diligence is 
used in applying them without striking one another; and every small matter 
sufficeth to make the one superficies yield somewhat to the other; so that they 
interchangeably, at least in some small particle, receive figure from the 
impression of each other. But in case their superficies were very terse and polite, 
and that they were both laid upon a table, that so one might not presse upon the 


other, and gently put towards one another, I question not, but that they might be 
brought to the simple contact in one onely point. 


SAGR. 


It is requisite, with your permission, that I propound a certain scruple of mine, 
which came into my minde, whil’st I heard proposed by Simplicius, the 
impossibility of finding a materiall and solid body, that is, perfectly of a 
Spherical figure, and whil’st I saw Salviatus in a certain manner, not gainsaying, 
to give his consent thereto; therefore I would know, whether there would be the 
same difficulty in forming a solid of some other figure, that is, to expresse my 
self better, whether there is more difficulty in reducing a piece of Marble into the 
figure of a perfect Sphere, than into a perfect Pyramid, or into a perfect Horse, or 
into a perfect Grasse-hopper? 


SALV. 


To this I will make you the first answer: and in the first place, I will acquit my 
self of the assent which you think I gave to Simplicius, which was only for a 
time; for I had it also in my thoughts, before I intended to enter upon any other 
matter, to speak that, which, it may be, is the same, or very like to that which 
you are about to say; The Sphericall Figure is easier to be made than any other. 
And answering to your first question, I say, that if any figure can be given to a 
Solid, the Spherical is the easiest of all others, as it is likewise the most simple, 
and holdeth the same place amongst solid figures, The circular Figure only is 
placed amongst the postulat of Mathematicians. as the Circle holdeth amongst 
the superficial. The description of which Circle, as being more easie than all the 
rest, hath alone been judged by Mathematicians worthy to be put amongst 
theDemands or Petitions. postulata belonging to the description of all other 
figures. And the formation of the Sphere is so very easie, that if in a plain plate 
of hard metal you take an empty or hollow circle, within which any Solid goeth 
casually revolving that was before but grosly rounded, it shall, without any other 
artifice be reduced to a Spherical figure, as perfect as is possible for it to be; 
provided, that that same Solid be not lesse than the Sphere that would passe 
thorow that Circle. And that which is yet more worthy of our consideration is, 
that within the self-same incavity one may form Spheres of several magnitudes. 
Sphericall Figures of sundry magnitudes may be made with one onely 
instrument. But what is required to the making of an Horse, or (as you say) of a 
Grass-hopper, I leave to you to judge, who know that there are but few statuaries 


in the world able to undertake such a piece of work. And I think that herein 
Simplicius will not dissent from me. 


SIMP. 


I know not whether I do at all dissent from you; my opinion is this, that none of 
the afore-named figures can be perfectly obteined; but for the approaching as 
neer as is possible to the most perfect degree, I believe that it is incomparably 
more easie to reduce the Solid into a Spherical figure, than into the shape of an 
Horse, or Grasse-hopper? 


SAGR. 

And this greater difficulty, wherein think you doth it depend? 

SIMP. 

Like as the great facility in forming the Sphere ariseth from its absolute 
simplicity and uniformity so the great irregularity rendereth the construction of 
all other figures difficult. Irregular forms difficult to be introduced. 

SAGR. 

Therefore the irregularity being the cause of the difficulty, than the figure of a 
stone broken with an hammer by chance, shall be one of the figures that are 
difficult to be introduced, it being perhaps more irregular than that of the horse? 
SIMP. 

So it should be. 

SAGR. 


But tell me; that figure what ever it is which the stone hath, hath it the same in 
perfection, or no? 


SIMP. 
What it hath, it hath so perfectly, that nothing can be more exact. 


SAGR. 


Then, if of figures that are irregular, and consequently hard to be procured, there 
are yet infinite which are most perfectly obteined, with what reason can it be 
said, that the most simple, and consequently the most easie of all, is impossible 
to be procured? 


SALV. 


Gentlemen, with your favour, I may say that we have sallied out into a dispute 
not much more worth than the wool of a goat; and whereas our argumentations 
should continually be conversant about serious and weighty points, we consume 
our time in frivolous and impertinent wranglings. The constitution of the 
Vniverse is one of the most noble Problems. Let us call to minde, I pray you, 
that the search of the worlds constitution, is one of the greatest and noblest 
Problems that are in nature; and so much the greater, inasmuch as it is directed to 
the resolving of that other; to wit, of the cause of the Seas ebbing and flowing, 
enquired into by all the famous men, that have hitherto been in the world, and 
possibly found out by none of them. Therefore if we have nothing more 
remaining for the full confutation of the argument taken from the Earths vertigo, 
which was the last, alledged to prove its immobility upon its own centre, let us 
passe to the examination of those things that are alledged for, and against the 
Annual Motion. 


SAGR. 


I would not have you, Salviatus, measure our wits by the scale of yours: you, 
who use to be continually busied about the sublimest contemplations, esteem 
those notions frivolous and below you, which we think matters worthy of our 
profoundest thoughts: yet sometimes for our satisfaction do not disdain to stoop 
so low as to give way a little to our curiosity. As to the refutation of the last 
argument, taken from the extrusions of the diurnal vertigo, far less than what 
hath been said, would have given me satisfaction: and yet the things 
superfluously spoken, seemed to me so ingenious, that they have been so far 
from wearying my fancy, as that they have, by reason of their novelty, 
entertained me all along with so great delight, that I know not how to desire 
greater: Therefore, if you have any other speculation to add, produce it, for I, as 
to my own particular, shall gladly hearken to it. 


SALV. 


I have always taken great delight in those things which I have had the fortune to 
discover, and next to that, which is my chief content, I find great pleasure in 
imparting them to some friends, that apprehendeth and seemeth to like them: 
Now, in regard you are one of these, slacking a little the reins of my ambition, 
which is much pleased when I shew my self more perspicacious, than some other 
that hath the reputation of a sharp sight, I will for a full and true measure of the 
past dispute, produce another fallacy of the Sectators of Ptolomey and Aristotle, 
which I take from the argument alledged. 


SAGR. 
See how greedily I wait to hear it. 
SALV. 


We have hitherto over-passed, and granted to Ptolomey, as an effect indubitable, 
that the extrusion of the stone proceeding from the velocity of the wheel turn’d 
round upon its centre, the cause of the said extrusion encreaseth in proportion, as 
the velocity of the vertigo (or whirling) is augmented: from whence it was 
inferred, that the velocity of the Earth’s vertigo being very much greater than 
that of any machin whatsoever, that we can make to turn round artificially; the 
extrusion of stones, of animals, &c. would consequently be far more violent. 
Now, I observe that there is a great fallacy in this discourse, in that we do 
compare these velocities indifferently and absolutely to one another. It’s true, 
that if I compare the velocities of the same wheel, or of two wheels equal to each 
other, that which shall be more swiftly turn’d round, shall extrude the stone with 
greater violence; and the velocity encreasing, the cause of the projection shall 
likewise encrease: but when the velocity is augmented, not by encreasing the 
velocity in the same wheel, which would be by causing it to make a greater 
number of revolutions in equal times; but by encreasing the diameter, and 
making the wheel greater, so as that the conversion taking up the same time in 
the lesser wheel, as in the greater, The cause of the projection increaseth not 
according to the proportion of the velocity, increased by making the wheel 
bigger. the velocity is greater onely in the bigger wheel, for that its 
circumference is bigger; there is no man that thinketh that the cause of the 
extrusion in the great wheel will encrease according to the proportion of the 
velocity of its circumference, to the velocity of the circumference of the other 
lesser wheel; for that this is most false, as by a most expeditious experiment I 
shall thus grosly declare: We may sling a stone with a stick of a yard long, 


farther than we can do with a stick six yards long, though the motion of the end 
of the long stick, that is of the stone placed in the slit thereof, were more than 
double as swift as the motion of the end of the other shorter stick, as it would be 
if the velocities were such that the lesser stick should turn thrice round in the 
time whilst the greater is making one onely conversion. 


SAGR. 


This which you tell me, Salviatus, must, I see, needs succeed in this very 
manner; but I do not so readily apprehend the cause why equal velocities should 
not operate equally in extruding projects, but that of the lesser wheel much more 
than the other of the greater wheel; therefore I intreat you to tell me how this 
cometh to pass? 


SIMP. 


Herein, Sagredus, you seem to differ much from your self, for that you were 
wont to penetrate all things in an instant, and now you have overlook’d a fallacy 
couched in the experiment of the stick, which I my self have been able to 
discover: and this is the different manner of operating, in making the projection 
one while with the short sling and another while with the long one, for if you 
will have the stone fly out of the slit, you need not continue its motion 
uniformly, but at such time as it is at the swiftest, you are to stay your arm, and 
stop the velocity of the stick; whereupon the stone which was in its swiftest 
motion, flyeth out, and moveth with impetuosity: but now that stop cannot be 
made in the great stick, which by reason of its length and flexibility, doth not 
entirely obey the check of the arm, but continueth to accompany the stone for 
some space, and holdeth it in with so much less force, and not as if you had with 
a stiff sling sent it going with a jerk: for if both the sticks or slings should be 
check’d by one and the same obstacle, I do believe they would fly aswell out of 
the one, as out of the other, howbeit their motions were equally swift. 


SAGR. 


With the permission of Salviatus, I will answer something to Simplicius, in 
regard he hath addressed himself to me; and I say, that in his discourse there is 
somewhat good and somewhat bad: good, because it is almost all true; bad, 
because it doth not agree with our case: Truth is, that when that which carrieth 
the stones with velocity, shall meet with a check that is immoveable, they shall 


fly out with great impetuosity: the same effect following in that case, which we 
see dayly to fall out in a boat that running a swift course, runs a-ground, or meets 
with some sudden stop, for all those in the boat, being surprized, Gran i g the 
diurnal vertigo of the Earth, & that by some sudden stop or obstacle it were 
arrested, houses, mountains themselves, and perhaps the whole Globe would be 
shake n pieces. stumble forwards, and fall towards the part whither the boat 
steered. And in case the Earth should meet with such a check, as should be able 
to resist and arrest its vertigo, then indeed I do believe that not onely beasts, 
buildings and cities, but mountains, lakes and seas would overturn, and the globe 
it self would go near to shake in pieces; but nothing of all this concerns our 
present purpose, for we speak of what may follow to the motion of the Earth, it 
being turn’d round uniformly, and quietly about its own centre, howbeit with a 
great velocity. That likewise which you say of the slings, is true in part; but was 
not alledged by Salviatus, as a thing that punctually agreed with the matter 
whereof we treat, but onely, as an example, for so in gross it may prompt us in 
the more accurate consideration of that point, whether, the velocity increasing at 
any rate, the cause of the projection doth increase at the same rate: so that v. g. if 
a wheel of ten yards diameter, moving in such a manner that a point of its 
circumference will pass an hundred yards in a minute of an hour, and so hath an 
impetus able to extrude a stone, that same impetus shall be increased an hundred 
thousand times in a wheel of a million of yards diameter; the which Salviatus 
denieth, and I incline to his opinion; but not knowing the reason thereof, I have 
requested it of him, and stand impatiently expecting it. 


SALV. 


Į am ready to give you the best satisfaction, that my abilities will give leave: 
And though in my first discourse you thought that I had enquired into things 
estranged from our purpose, yet neverthelesse I believe that in the sequel of the 
dispute, you will find that they do not prove so. Therefore let Sagredus tell me 
wherein he hath observed that the resistance of any moveable to motion doth 
consist. 


SAGR. 


I see not for the present that the moveable hath any internal resistance to motion, 
unlesse it be its natural inclination and propension to the contrary motion, as in 
grave bodies, that have a propension to the motion downwards, the resistance is 
to the motion upwards; and I said an internal resistance, because of this, I think, 


it is you intend to speak, and not of the external resistances, which are many and 
accidental. 


SALV. 


It is that indeed I mean, and your nimblenesse of wit hath been too hard for my 
craftinesse, but if I have been too short in asking the question, I doubt whether 
Sagredus hath been full enough in his answer to satisfie the demand; and 
whether there be not in the moveable, besides the natural inclination to the 
contrary term, another intrinsick and natural quality, The inclination of grave 
bodies to the motion downwards, is equal to their resistance to the motion 
upwards. which maketh it averse to motion. Therefore tell me again; do you not 
think that the inclination v. g. of grave bodies to move downwards, is equal to 
the resistance of the same to the motion of projection upwards? 


SAGR. 


I believe that it is exactly the same. And for this reason I see that two equal 
weights being put into a ballance, they do stand still in equilibrium, the gravity 
of the one resisting its being raised by the gravity wherewith the other pressing 
downwards would raise it. 


SALV. 


Very well; so that if you would have one raise up the other, you must encrease 
the weight of that which depresseth, or lessen the weight of the other. But if the 
resistance to ascending motion cunsist onely in gravity, how cometh it to passe, 
that in ballances of unequal arms, to wit in theA portable ballance wherewith 
market-people weigh their commodities, giving it gravity by removing the 
weight farther from the cock: call’d by the Latines, Campana trutina. Stiliard, a 
weight sometimes of an hundred pounds, with its pression downwards, doth not 
suffice to raise up on of four pounds; that shall counterpoise with it, nay this of 
four, descending shall raise up that of an hundred; for such is the effect of the 
pendant weight upon the weight which vve vvould vveigh? If the resistance to 
motion resideth onely in the gravity, hovv can the arm with its vveight of four 
pounds onely, resist the vveight of a sack of wool, or bale of silk, vvhich shall be 
eight hundred, or a thousand vveight; yea more, hovv can it overcome the sack 
vvith its moment, and raise it up? It must therefore be confest Sagredus, that here 


it maketh use of some other resistance, and other force, besides that of simple 
gravity. 


SAGR. 
It must needs be so; therefore tell me vvhat this second virtue should be. 
SALV. 


It is that vvhich vvas not in the ballance of equal arms; you see then vvhat 
variety there is in the Stiliard; and upon this doubtlesse dependeth the cause of 
the nevv effect. 


SAGR. 


I think that your putting me to it a second time, hath made me remember 
something that may be to the purpose. In both these beams the business is done 
by the weight, and by the motion; in the ballance, the motions are equal, and 
therefore the one weight must exceed it in gravity before it can move it; in the 
stiliard, the lesser weight will not move the greater, unless when this latter 
moveth little, as being hung at a lesser distance, and the other much, as hanging 
at a greater distance from the lacquet or cock. It is necessary therefore to 
conclude, that the lesser weight overcometh the resistance of the greater, by 
moving much, whilst the other is moved but little. 


SALV. 


Which is as much as to say, that the velocity of the moveable less grave, 
compensateth the gravity of the moveable more grave and less swift. 


SAGR. 


But do you think that the velocity doth fully make good the gravity?The greater 
velocity exactly compensates the greater gravity. that is, that the moment and 
force of a moveable of v. g. four pounds weight, is as great as that of one of an 
hundred weight, whensoever that the first hath an hundred degrees of velocity, 
and the later but four onely? 


SALV. 


Yes doubtless, as I am able by many experiments to demonstrate: but for the 
present, let this onely of the stiliard suffice: in which you see that the light end of 
the beam is then able to sustain and equilibrate the great Wool-sack, when its 
distance from the centre, upon which the stiliard resteth and turneth, shall so 
much exceed the lesser distance, by how much the absolute gravity of the Wool- 
sack exceedeth that of the pendent weight. And we see nothing that can cause 
this insufficiencie in the great sack of Wool, to raise with its weight the pendent 
weight so much less grave, save the disparity of the motions which the one and 
the other should make, whilst that the Wool-sack by descending but one inch 
onely, will raise the pendent weight an hundred inches: (supposing that the sack 
did weigh an hundred times as much, and that the distance of the small weight 
from the centre of the beam were an hundred times greater, than the distance 
between the said centre and the point of the sacks suspension.) And again, the 
pendent weight its moving the space of an hundred inches, in the time that the 
sack moveth but one inch onely, is the same as to say, that the velocity of the 
motion of the little pendent weight, is an hundred times greater than the velocity 
of the motion of the sack. Now fix it in your belief, as a true and manifest axiom, 
that the resistance which proceedeth from the velocity of motion, compensateth 
that which dependeth on the gravity of another moveable: So that consequently, 
a moveable of one pound, that moveth with an hundred degrees of velocity, doth 
as much resist all obstruction, as another moveable of an hundred weight, whose 
velocity is but one degree onely. And two equal moveables will equally resist 
their being moved, if that they shall be moved with equal velocity: but if one be 
to be moved more swiftly than the other, it shall make greater resistance, 
according to the greater velocity that shall be conferred on it. These things being 
premised, let us proceed to the explanation of our Problem; and for the better 
understanding of things, let us make a short Scheme thereof. Let two unequal 
wheels be described about this centre A, [in Fig. 7. ] and let the circumference of 
the lesser be BG, and of the greater CEH, and let the semidiameter ABC, be 
perpendicular to the Horizon; and by the points B and C, let us draw the right 
lined Tangents BF and CD; and in the arches BG and CE, take two equal parts 
BG and CE: and let the two wheels be supposed to be turn’d round upon their 
centres with equal velocities, so as that two moveables, which suppose for 
example to be two stones placed in the points B and C, come to be carried along 
the circumferences BG and CE, with equal velocities; so that in the same time 
that the stone B shall have run the arch BG, the stone C will have past the arch 
CE. I say now, that the whirl or vertigo of the lesser wheel is much more potent 
to make the projection of the stone B, than the vertigo of the bigger wheel to 
make that of the stone C. Therefore the projection, as we have already declared, 


being to be made along the tangent, when the stones B and C are to separate 
from their wheel, and to begin the motion of projection from the points B and C, 
then shall they be extruded by the impetus conceived from the vertigo by (or 
along) the tangents BF and CD. The two stones therefore have equal 
impetuosities of running along the tangents BF and CD, and would run along the 
same, if they were not turn’d aside by some other force: is it not so Sagredus? 


SAGR. 
In my opinion the businesse is as you say. 
SALV. 


But what force, think you, should that be which averts the stones from moving 
by the tangents, along which they are certainly driven by the impetus of the 
vertigo. 


SAGR. 


It is either their own gravity, or else some glutinous matter that holdeth them fast 
and close to the wheels. 


SALV. 


But for the diverting of a moveable from the motion to which nature inciteth it, 
is there not required greater or lesser force, according as the deviation is 
intended to be greater or lesser? that is, according as the said moveable in its 
deviation hath a greater or lesser space to move in the same time? 


SAGR. 


Yes certainly: for it was concluded even now, that to make a moveable to move; 
the movent vertue must be increased in proportion to the velocity wherewith it is 
to move. 


SALV. 


Now consider, that for the deviating the stone upon the lesse wheel from the 
motion of projection, which it would make by the tangent BF, and for the 
holding of it fast to the wheel, it is required, that its own gravity draw it back the 


whole length of the secant FG, or of the perpendicular raised from the point G, 
to the line BF, whereas in the greater wheel the retraction needs to be no more 
than the secant DE, or the perpendicular let fall from the tangent DC to the point 
E, lesse by much than FG, and alwayes lesser and lesser according as the wheel 
is made bigger. And forasmuch as these retractions (as I may call them) are 
required to be made in equal times, that is, whil’st the wheels passe the two 
equal arches BG and CE, that of the stone B, that is, the retraction FG ought to 
be more swift than the other DE; and therefore much greater force will be 
required for holding fast the stone B to its little wheel, than for the holding the 
stone C to its great one, which is as much as to say, that such a small thing will 
impede the extrusion in the great wheel, as will not at all hinder it in the little 
one. It is manifest therefore that the more the wheel augmenteth, the more the 
cause of the projection diminisheth. 


SAGR. 


From this which I now understand, by help of your minute dissertation, I am 
induced to think, that I am able to satisfie my judgment in a very few words. For 
equal impetus being impressed on both the stones that move along the tangents, 
by the equal velocity of the two wheels, we see the great circumference, by 
means of its small deviation from the tangent, to go seconding, as it were, and in 
a fair way refraining in the stone the appetite, if I may so say, of separating from 
the circumference; so that any small retention, either of its own inclination, or of 
some glutination sufficeth to hold it fast to the wheel. Which, again, is not able 
to work the like effect in the little wheel, which but little prosecuting the 
direction of the tangent, seeketh with too much eagernesse to hold fast the stone; 
and the restriction and glutination not being stronger than that which holdeth the 
other stone fast to the greater wheel, itStrappar la cavezza, is to break the bridle. 
breaks loose, and runneth along the tangent. Therefore I do not only finde that all 
those have erred, who have believed the cause of the projection to increase 
according to the augmentation of the vertigo’s velocity; but I am further 
thinking, that the projection diminishing in the inlarging of the wheel, so long as 
the same velocity is reteined in those wheels; it may possibly be true, that he that 
would make the great wheel extrude things like the little one, would be forced to 
increase them as much in velocity; as they increase in diameter, which he might 
do, by making them to finish their conversions in equal times; and thus we may 
conclude, that the Earths revolution or vertigo would be no more able to extrude 
stones, than any little wheel that goeth so slowly, as that it maketh but one turn 
in twenty four hours. 


SALV. 


We will enquire no further into this point for the present: let it suffice that we 
have abundantly (if I deceive not my self) demonstrated the invalidity of the 
argument, which at first sight seemed very concluding, and was so held by very 
famous men: and I shall think my time and words well bestowed, if I have but 
gained some belief in the opinion of Simplicius, I will not say of the Earths 
mobility, but only that the opinion of those that believe it, is not so ridiculous 
and fond, as the rout of vulgar Philosophers esteem it. 


SIMP. 


The answers hitherto produced against the arguments brought against this 
Diurnal Revolution of the Earth taken from grave bodies falling from the top of 
a Tower, and from projections made perpendicularly upwards, or according to 
any inclination sidewayes towards the East, West, North, South, &c. have 
somewhat abated in me the antiquated incredulity I had conceived against that 
opinion: but other greater doubts run in my mind at this very instant, which I 
know not in the least how to free my self of, and haply you your self will not be 
able to resolve them; nay, its possible you may not have heard them, for they are 
very modern. And these are the objections of two Authours, that ex professo 
write against Copernicus. Other objections of two modern Authors against 
Copernicus. Some of which are read in a little Tract of natural conclusions; The 
rest are by a great both Philosopher and Mathematician, inserted in a Treatise 
which he hath written in favour of Aristotle, and his opinion touching the 
inalterability of the Heavens, where he proveth, that not onely the Comets, but 
also the new stars, namely, that anno 1572. in Cassiopeia, and that anno 1604. in 
Sagittarius were not above the Spheres of the Planets, but absolutely beneath the 
concave of the Moon in the Elementary Sphere, and this he demonstrateth 
against Tycho, Kepler, and many other Astronomical Observators, and beateth 
them at their own weapon; to wit, the Doctrine of Parallaxes. If you like thereof, 
I will give you the reasons of both these Authours, for I have read them more 
than once, with attention; and you may examine their strength, and give your 
opinion thereon. 


SALV. 


In regard that our principal end is to bring upon the stage, and to consider what 
ever hath been said for, or against the two Systemes, Ptolomaick, and 


Copernican, it is not good to omit any thing that hath been written on this 
subject. 


SIMP. 


I will begin therefore with the objections which I finde in the Treatise of 
Conclusions, and afterwards proceed to the rest. The first objection of the 
modern Author of the little tract of Conclusions. In the first place then, he 
bestoweth much paines in calculating exactly how many miles an hour a point of 
the terrestrial Globe situate under the Equinoctial, goeth, and how many miles 
are past by other points situate in other parallels: and not being content with 
finding out such motions in horary times, he findeth them also in a minute of an 
hour; and not contenting himself with a minute, he findes them also in a second 
minute; yea more, he goeth on to shew plainly, how many miles a Cannon bullet 
would go in the same time, A Cannon bullet would spend more than six days in 
falling from the Concave of the Moon to the centre of the Earth, according to the 
opinion of that modern Author of the Conclusions. being placed in the concave 
of the Lunar Orb, supposing it also as big as Copernicus himself representeth it, 
to take away all subterfuges from his adversary. And having made this most 
ingenious and exquisite supputation, he sheweth, that a grave body falling from 
thence above would consume more than six dayes in attaining to the centre of 
the Earth, to which all grave bodies naturally move. Now if by the absolute 
Divine Power, or by some Angel, a very great Cannon bullet were carried up 
thither, and placed in our Zenith or vertical point, and from thence let go at 
liberty, it is in his, and also in my opinion, a most incredible thing that it, in 
descending downwards, should all the way maintain it self in our vertical line, 
continuing to turn round with the Earth, about its centre, for so many dayes, 
describing under the Equinoctial a Spiral line in the plain of the great circle it 
self; and under other Parallels, Spiral lines about Cones, and under the Poles 
falling by a simple right line. He, in the next place, stablisheth and confirmeth 
this great improbability by proving, in the way of interrogations, many 
difficulties impossible to be removed by the followers of Copernicus; and they 
are, if I do well remember — . 


SALV. 


Take up a little, good Simplicius, and do not load me with so many novelties at 
once: I have but a bad memory, and therefore I must not go too fast. And in 
regard it cometh into my minde, that I once undertook to calculate how long 


time such a grave body falling from the concave of the Moon, would be in 
passing to the centre of the Earth, and that I think I remember that the time 
would not be so long; it would be fit that you shew us by what rule this Author 
made his calculation. 


SIMP. 


He hath done it by proving his intent a fortiori, a sufficient advantage for his 
adversaries, supposing that the velocity of the body falling along the vertical 
line, towards the centre of the Earth, were equal to the velocity of its circular 
motion, which it made in the grand circle of the concave of the Lunar Orb. 
Which by equation would come to passe in an hour, twelve thousand six hundred 
German miles, a thing which indeed savours of impossibility: Yet neverthelesse, 
to shew his abundant caution, and to give all advantages to his adversaries, he 
supposeth it for true, and concludeth, that the time of the fall ought however to 
be more than six dayes. 


SALV. 


And is this the sum of his method? And doth he by this demonstration prove the 
time of the fall to be above six dayes? 


SAGR. 


Me thinks that he hath behaved himself too modestly, for that having it in the 
power of his will to give what velocity he pleased to such a descending body, 
and might aswell have made it six moneths, nay, six years in falling to the Earth, 
he is content with six dayes. But, good Salviatus, sharpen my appetite a little, by 
telling me in what manner you made your computation, in regard you say, that 
you have heretofore cast it up: for I am confident that if the question had not 
required some ingenuity in working it, you would never have applied your 
minde unto it. 


SALV. 


It is not enough, Sagredus, that the subjects be noble and great, but the businesse 
consists in handling it nobly. And who knoweth not, that in the dissection of the 
members of a beast, there may be discovered infinite wonders of provident and 
prudent Nature; and yet for one, that the Anatomist dissects, the butcher cuts up 
a thousand. Thus I, who am now seeking how to satisfie your demand, cannot 


tell with which of the two shapes I had best to appear on the Stage; but yet, 
taking heart from the example of Simplicius, his Authour, I will, without more 
delays, give you an account (if I have not forgot) how I proceeded. But before I 
go any further, I must not omit to tell you, that I much fear that Simplicius hath 
not faithfully related the manner how this his Authour found, that the Cannon 
bullet in coming from the concave of the Moon to the centre of the Earth, would 
spend more than six dayes: for if he had supposed that its velocity in descending 
was equal to that of the concave (as Simplicius saith he doth suppose) he would 
have shewn himself ignorant of the first, and more simple principles of 
Geometry; yea, I admire that Simplicius, in admitting the supposition which he 
speaketh of, doth not see the monstrous absurdity that is couched in it. 


SIMP. 


Its possible that I may have erred in relating it; but that I see any fallacy in it, I 
am sure is not true. 


SALV. 


Perhaps I did not rightly apprehend that which you said, Do you not say, that this 
Authour maketh the velocity of the bullet in descending equall to that which it 
had in turning round, being in the concave of the Moon, and that comming down 
with the same velocity, it would reach to the centre in six dayes? 


SIMP. 
So, as I think, he writeth. 
SALV. 


And do not you pe ceive a shamefull errour therein? But questionlesse you 
dissemble it: For it cannot be, but that you should know that the semidiameter of 
the Circle is lesse than the sixth part of the circumference; A shamefull errour in 
the Argument taken from the bullets falling out of the Moons concave. and that 
consequently, the time in which the moveable shall passe the semidiameter, shall 
be lesse than the sixth part of the time; in which, being moved with the same 
velocity, it would passe the circumference; and that therefore the bullet 
descending with the velocity, wherewith it moved in the concave, will arrive in 
lesse than four hours at the centre, supposing that in the concave one revolution 


should be consummate in twenty four hours, as he must of necessity have 
supposed it, for to keep it all the way in the same vertical line. 


SIMP. 


Now I thorowly perceive the mistake: but yet I would not lay it upon him 
undeservedly, for it’s possible that I may have erred in rehearsing his Argument, 
and to avoid running into the same mistakes for the future, I could wish I had his 
Book; and if you had any body to send for it, I would take it for a great favour. 


SAGR. 


You shall not want a Lacquey that will runne for it with all speed: and he shall 
do it presently, without losing any time; in the mean time Salviatus may please 
to oblige us with his computation. 


SIMP. 


If he go, he shall finde it lie open upon my Desk, together with that of the other 
Author, who also argueth against Copernicus. 


SAGR. 


We will make him bring that also for the more certainty: and in the interim 
Salviatus shall make his calculation: I have dispatch’t away a messenger. 


SALV. 


Above all things it must be considered, that the motion of descending grave 
bodies is not uniform, but departing from rest they go continually accelerating: 
An exact compute of the time of the fall of the Canon bullet from the Moons 
concave to the Earths centre. An effect known and observed by all men, unlesse 
it be by the forementioned modern Authour, who not speaking of acceleration, 
maketh it even and uniforme. But this general notion is of no avail, if it be not 
known according to what proportion this increase of velocity is made; a 
conclusion that hath been until our times unknown to all Philosophers; and was 
first found out & demonstrated by theThe Author. Academick, our common 
friend, who in some of hisBy these Writings, he every where meanes his 
Dialogues, De motu, which I promise to give you in my second Volume. 
writings not yet published, but in familiarity shewn to me, and some others of his 


acquaintance he proveth, how that the acceleration of the right motion of grave 
bodies, is made according to the numbers uneven beginning ab unitate, that is, 
any number of equal times being assigned, if in the first time the moveable 
departing from rest shall have passed such a certain space, Acceleration of the 
natural motion of grave bodies is made according to the odde numbers beginning 
at unity. as for example, an ell, in the second time it shall have passed three ells, 
in the third five, in the fourth seven, and so progressively, according to the 
following odd numbers; which in short is the same, as if I should say, that the 
spaces passed by the moveable departing from its rest, The spaces past by the 
falling grave body are as the squares of their times. are unto each other in 
proportion double to the proportion of the times, in which those spaces are 
measured; or we will say, that the spaces passed are to each other, as the squares 
of their times. 


SAGR. 


This is truly admirable: and do you say that there is a Mathematical 
demonstration for it? 


SALV. 


Yes, purely Mathematical; and not onely for this, but for many other very 
admirable passions, pertaining to natural motions, An intire and new Science of 
the Academick concerning local motion. and to projects also, all invented, and 
demonstrated by Our Friend, and I have seen and considered them all to my very 
great content and admiration, seeing a new compleat Doctrine to spring up 
touching a subject, upon which have been written hundreds of Volumes; and yet 
not so much as one of the infinite admirable conclusions that those his writings 
contain, hath ever been observed, or understood by any one, before Our Friend 
made them out. 


SAGR. 


You make me lose the desire I had to understand more in our disputes in hand, 
onely that I may hear some of those demonstrations which you speak of; 
therefore either give them me presently, or at least promise me upon your word, 
to appoint a particular conference concerning them, at which Simplicius also 
may be present, if he shall have a mind to hear the passions and accidents of the 
primary effect in Nature. 


SIMP. 


I shall undoubtedly be much pleased therewith, though indeed, as to what 
concerneth Natural Philosophy, I do not think that it is necessary to descend unto 
minute particularities, a general knowledg of the definition of motion, and of the 
distinction of natural and violent, even and accelerate, and the like, sufficing: 
For if this were not sufficient, I do not think that Aristotle would have omitted to 
have taught us what ever more was necessary. 


SALV. 


It may be so. But let us not lose more time about this, which I promise to spend 
half a day apart in, for your satisfaction; nay, now I remember, I did promise you 
once before to satisfie you herein. Returning therefore to our begun calculation 
of the time, wherein the grave cadent body would pass from the concave of the 
Moon to the centre of the earth, that we may not proceed arbitrarily and at 
randon, but with a Logical method, we will first attempt to ascertain our selves 
by experiments often repeated, in how long time a ball v. g. of Iron descendeth 
to the Earth from an altitude of an hundred yards. 


SAGR. 


Let us therefore take a ball of such a determinate weight, and let it be the same 
wherewith we intend to make the computation of the time of descent from the 
Moon. 


SALV. 


This is not material, for that a ball of one, of ten, of an hundred, of a thousand 
pounds, will all measure the same hundred yards in the same time. 


SIMP. 


But this I cannot believe, nor much less doth Aristotle think so, who writeth, that 
the velocities of descending grave bodies, are in the same proportion to one 
another, as their gravities. 


SALV. 


If you will admit this for true, The error of Aristotle in affirming, falling grave 
bodies to move according to the proportion of their gravities. you must believe 
also, that two balls of the same matter, being let fall in the same moment, one of 
an hundred pounds, and another of one, from an altitude of an hundred yards, the 
great one arriveth at the ground, before the other is descended but one yard 
onely: Now bring your fancy, if you can, to imagine, that you see the great ball 
got to the ground, when the little one is still within less than a yard of the top of 
the Tower. 


SAGR. 


That this proposition is most false, I make no doubt in the world; but yet that 
yours is absolutely true, I cannot well assure my self: nevertheless, I believe it, 
seeing that you so resolutely affirm it; which I am sure you would not do, if you 
had not certain experience, or some clear demonstration thereof. 


SALV. 


I have both: and when we shall handle the business of motions apart, I will 
communicate them: in the interim, that we may have no more occasions of 
interrupting our discourse, we will suppose, that we are to make our computation 
upon a ball of Iron of an hundredNote that these Calculations are made in Italian 
weights and measu es. And 100 pounds Haverdupoise make 1 1 |. Florentine. 
And 100 Engl makes 150 Florent. so that the brace or yard of our Author is 
1/4 of our yard. pounds, the which by reiterated experiments descendeth from 
the altitude of an hundredNote that these Calculations are made in Italian 
weights and measures. And 100 pounds Haverdupoise make 1 1 |. Florentine. 
And 100 Engl makes 150 Florent. so that the brace or yard of our Author is 
1/4 of our yard. yards, in five second-minutes of an hour. And because, as we 
have said, the spaces that are measured by the cadent moveable, increase in 
double proportion; that is, according to the squares of the times, being that the 
time of one first-minute is duodecuple to the time of five seconds, if we multiply 
the hundred yards by the square of 12, that is by 144, we shall have 14400, 
which shall be the number of yards that the same moveable shall pass in one 
first-minute of an hour: and following the same rule because one hour is 60 
minutes, multiplying 14400, the number of yards past in one minute, by the 
square of 60, that is, by 3600, there shall come forth 51840000, the number of 
yards to be passed in an hour, which make 17280 miles. And desiring to know 
the space that the said ball would pass in 4 hours, let us multiply 17280 by 16, 


(which is the square of 4) and the product will be 276480 miles: which number 
is much greater than the distance from the Lunar concave to the centre of the 
Earth, which is but 196000 miles, making the distance of the concave 56 
semidiameters of the Earth, as that modern Author doth; and the semidiameter of 
the Earth 3500 miles, of 3000The Italian measure which I commonly transl te 
yards. Braces to aThe Italian m le is of our mile. mile, which are our Italian 
miles. 


Therefore, Simplicius, that space from the concave of the Moon to the centre of 
the Earth, which your Accomptant said could not be passed under more than six 
days, you see that (computing by experience, and not upon the fingers ends) that 
it shall be passed in much less than four hours; and making the computation 
exact, it shall be passed by the moveable in 3 hours, 22 min. prim. and 4 
seconds. 


SAGR. 


I beseech you, dear Sir, do not defraud me of this exact calculation, for it must 
needs be very excellent. 


SALV. 


So indeed it is: therefore having (as I have said) by diligent tryal observed, that 
such a moveable passeth in its descent, the height of 100 yards in 5 seconds of 
an hour, we will say, if 100 yards are passed in 5 seconds; in how many seconds 
shall 588000000 yards (for so many are in 56 diameters of the Earth) be passed? 
The rule for this work is, that the third number must be multiplied by the square 
of the second, of which doth come 14700000000, which ought to be divided by 
the first, that is, by 100, and the root square of the quotient, that is, 12124 is the 
number sought, namely 12124 min. secun. of an hour, which are 3 hours, 22 
min. prim. and 4 seconds. 


SAGR. 


I have seen the working, but I know nothing of the reason for so working, nor do 
I now think it a time to ask it. 


SALV. 


Yet I will give it, though you do not ask it, because it is very easie. Let us mark 
these three numbers with the Letters A first, B second, C third. A and C are the 
numbers of the spaces, B is the number of the time; the fourth number is sought, 
of the time also. And because we know, that look what proportion the space A, 
hath to the spuace C, the same proportion shall the square of the time B have to 
the sqare of the time, which is sought. 


100. 5. 588000000. 


A B C 25 


e 14700000000 
e 35956 


22 e 10 


241 
e 12124 
242260 e 202 
e3 
24240 


Therefore by the Golden Rule, let the number C be multiplied by the square of 
the number B, and let the product be divided by the number A, and the quotient 
shall be the square of the number sought, and its square root shall be the number 
it self that is sought. Now you see how easie it is to be understood. 


SAGR. 


So are all truths, when once they are found out, but the difficulty lyeth in finding 
them I very well apprehend it, and kindly thank you. And if there remain any 
other curiosity touching this point, I pray you let us hear it; for if I may speak my 
mind, I will with the favour of Simplicius, that from your discourses I alwayes 
learn some new motion, but from those of his Philosophers, I do not remember 
that I have learn’t any thing of moment. 


SALV. 


There might be much more said touching these local motions; but according to 
agreement, we will reserve it to a particular conference; and for the present I will 
speak something touching the Author named by Simplicius, who thinketh he 
hath given a great advantage to the adverse party in granting that, that Canon 
bullet in falling from the concave of the Moon may descend with a velocity 
equal to the velocity wherewith it would turn round, staying there above, and 
moving along with the diurnal conversion. Now I tell him, that that same ball 
falling from the concave unto the centre, will acquire a degree of velocity much 
more than double the velocity of the diurnal motion of the Lunar concave; The 
falling moveable if it move with a degree of velocity acquired in a like time with 
an uniform motion, it shall pass a space double to that passed with the 
accelerated motion. and this I will make out by solid and not impertinent 
suppositions. You must know therefore that the grave body falling and acquiring 
all the way new velocity according to the proportion already mentioned, hath in 
any whatsoever place of the line of its motion such a degree of velocity, that if it 
should continue to move therewith, uniformly without farther encreasing it; in 
another time like to that of its descent, it would passe a space double to that 
passed in the line of the precedent motion of descent. And thus for example, if 
that ball in coming from the concave of the Moon to its centre hath spent three 
hours, 22 min. prim. and 4 seconds, I say, that being arrived at the centre, it shall 
find it self constituted in such a degree of velocity, that if with that, without 
farther encreasing it, it should continue to move uniformly, it would in other 3 
hours, 22 min. prim. and 4 seconds, passe double that space, namely as much as 
the whole diameter of the Lunar Orb; and because from the Moons concave to 
the centre are 196000 miles, which the ball passeth in 3 hours 22 prim. min. and 
4 seconds, therefore (according to what hath been said) the ball continuing to 
move with the velocity which it is found to have in its arrival at the centre, it 
would passe in other 3 hours 22 min. prim. and 4 seconds, a space double to that, 


namely 392000 miles; but the same continuing in the concave of the Moon, 
which is in circuit 1232000 miles, and moving therewith in a diurnal motion, it 
would make in the same time, that is in 3 hours 22 min. prim. and 4 seconds, 
172880 miles, which are fewer by many than the half of the 392000 miles. You 
see then that the motion in the concave is not as the modern Author saith, that is, 
of a velocity impossible for the falling ball to partake of, &c. 


SAGR. 


The discourse would pass for current, and would give me full satisfaction, if that 
particular was but salved, of the moving of the moveable by a double space to 
that passed in falling in another time equal to that of the descent, in case it doth 
continue to move uniformly with the greatest degree of velocity acquired in 
descending. A proposition which you also once before supposed as true, but 
never demonstrated. 


SALV. 


This is one of the demonstrations of Our Friend, and you shall see it in due time; 
but for the present, I will with some conjectures (not teach you any thing that is 
new, but) remember you of a certain contrary opinion, and shew you, that it may 
haply so be. A bullet of lead hanging in a long and fine thread fastened to the 
roof, if we remove it far from perpendicularity, and then let it go, have you not 
observed that, it declining, will pass freely, and well near as far to the other side 
of the perpendicular? 


SAGR. 


I have observed it very well, and find (especially if the plummet be of any 
considerable weight) that it riseth so little less than it descended, so that I have 
sometimes thought, that the ascending arch is equal to that descending, and 
thereupon made it a question whether the vibrations might not perpetuate 
themselves; and I believe that they might, The motion of grave penduli might be 
perpetuated, impediments being removed. if that it were possible to remove the 
impediment of the Air, which resisting penetration, doth some small matter 
retard and impede the motion of the pendulum, though indeed that impediment is 
but small: in favour of which opinion the great number of vibrations that are 
made before the moveable wholly ceaseth to move, seems to plead. 


SALV. 


The motion would not be perpetual, Sagredus, although the impediment of the 
Air were totally removed, because there is another much more abstruse. 


SAGR. 
And what is that? as for my part I can think of no other? 
SALV. 


You will be pleased when you hear it, but I shall not tell it you till anon: in the 
mean time, let us proceed. I have proposed the observation of this Pendulum, to 
the intent, that you should understand, that the impetus acquired in the 
descending arch, where the motion is natural, is of it self able to drive the said 
ball with a violent motion, as far on the other side in the like ascending arch; if 
so, I say, of it self, all external impediments being removed: I believe also that 
every one takes it for granted, that as in the descending arch the velocity all the 
way increaseth, till it come to the lowest point, or its perpendicularity; so from 
this point, by the other ascending arch, it all the way diminisheth, untill it come 
to its extreme and highest point: and diminishing with the same proportions, 
wherewith it did before increase, so that the dgrees of the velocities in the points 
equidistant from the point of perpendicularity, are equal to each other. Hence it 
seemeth to me (arguing with all due modesty) that I might easily be induced to 
believe, If the Terrestrial Globe were perforated, a grave body descending by 
that bore, would pass and ascend as far beyond the centre, as it did descend. that 
if the Terrestrial Globe were bored thorow the centre, a Canon bullet descending 
through that Well, would acquire by that time it came to the centre, such an 
impulse of velocity, that, it having passed beyond the centre, would spring it 
upwards the other way, as great a space, as that was wherewith it had descended, 
all the way beyond the centre diminishing the velocity with decreasements like 
to the increasements acquired in the descent: and the time spent in this second 
motion of ascent, I believe, would be equal to the time of descent. Now if the 
moveable by diminishing that its greatest degree of velocity which it had in the 
centre, successively until it come to total extinction, do carry the moveable in 
such a time such a certain space, as it had gone in such a like quantity of time, by 
the acquist of velocity from the total privation of it until it came to that its 
greatest degree; it seemeth very reasonable, that if it should move always with 
the said greatest degree of velocity it would pass, in such another quantity of 
time, both those spaces: For if we do but in our mind successively divide those 
velocities into rising and falling 1 degrees, as v. g. these numbers in the margine; 


so that the 2 first sort unto 10 be supposed the increasing velocities, and the 3 
others unto one 1, be the increasing; and let those of the time 4 of the descent, 
and the others of the time of the ascent being 5 added all together, make as 
many, as if one of the two sums of 6 them had been all of the greatest degrees, 
and therefore the 7 whole space passed by all the degrees of the increasing 
velocities, 8 and decreasing, (which put together is the whole diameter) 9 ought 
to be equal to the space passed by the greatest velocities, 10 that are in number 
half the aggregate of the increasing 10 and decreasing velocities. I know that I 
have but obscurely 9 expressed my self, and I wish I may be understood.8 


SAGR. 


I think I understand you very well; and also that I 7 can in a few words shew, 
that I do understand you. You had 6 a mind to say, that the motion begining from 
rest, and all the 5 way increasing the velocity with equal augmentations, such as 
4 are those of continuate numbers beginning at 1, rather at 0,3 which 
representeth the state of rest, disposed as in the margine:2 and continued at 
pleasure, so as that the least degree may be 0,1 and the greatest v. g. 5, all these 
degrees of velocity wherewith the moveable is moved, make the sum of 15; but 
if the 0 moveable should move with as many degrees in number as 1 these are, 
and each of them equal to the biggest, which is 5, the 2 aggregate of all these last 
velocities would be double to the 3 others, namely 30. And therefore the 
moveable moving with 4 a like time, but with uniform velocity, which is that of 
the 5 highest degree 5, ought to pass a space double to that which it passeth in 
the accelerate time, which beginneth at the state of rest. 


SALV. 


According to your quick and piercing way of apprehending things, you have 
explained the whole business with more plainness than I my self; and put me 
also in mind of adding something more: for in the accelerate motion, the 
augmentation being continual, you cannot divide the degrees of velocity, which 
continually increase, into any determinate number, because changing every 
moment, they are evermore infinite. Therefore we shall be the better able to 
exemplifie our intentions by describing a Triangle, which let be this ABC, [in 
Fig. 8. ] taking in the side AC, as many equal parts as we please, AD, DE, EF, 
FG, and drawing by the points D, E, F, G, right lines parallel to the BC. Now let 
us imagine the parts marked in the line AC, to be equal times, and let the 
parallels drawn by the points D, E, F, G, represent unto us the degrees of 


velocity accelerated, and increasing equally in equal times; and let the Point A 
be the state of rest, from which the moveable departing, hath v. g. in the time 
AD, acquired the degree of velocity DH, in the second time we will suppose, 
that it hath increased the velocity from DH, as far as to EI, and so supposing it to 
have grown greater in the succeeding times, The acceleration of grave bodies 
naturally descendent, increaseth from moment to moment. according to the 
increase of the lines FK, GL, &c. but because the acceleration is made 
continually from moment to moment, and not disjunctly from one certain part of 
time to another; the point A being put for the lowest moment of velocity, that is, 
for the state of rest, and AD for the first instant of time following; it is manifest, 
that before the acquist of the degree of velocity DH, made in the time AD, the 
moveable must have past by infinite other lesser and lesser degrees gained in the 
infinite instants that are in the time DA, answering the infinite points that are in 
the line DA; therefore to represent unto us the infinite degrees of velocity that 
precede the degree DH, it is necessary to imagine infinite lines successively 
lesser and lesser, which are supposed to be drawn by the infinite points of the 
line DA, and parallels to DH, the which infinite lines represent unto us the 
superficies of the Triangle AHD, and thus we may imagine any space passed by 
the moveable, with a motion which begining at rest, goeth uniformly 
accelerating, to have spent and made use of infinite degrees of velocity, 
increasing according to the infinite lines that begining from the point A, are 
supposed to be drawn parallel to the line HD, and to the rest IE, KF, LG, the 
motion continuing as far as one will. 


Now let us compleat the whole Parallelogram AMBC, and let us prolong as far 
as to the side thereof BM, not onely the Parallels marked in the Triangle, but 
those infinite others imagined to be drawn from all the points of the side AC; 
and like as BC, was the greatest of those infinite parallels of the Triangle, 
representing unto us the greatest degree of velocity acquired by the moveable in 
the accelerate motion, and the whole superficies of the said Triangle, was the 
mass and sum of the whole velocity, wherewith in the time AC it passed such a 
certain space, so the parallelogram is now a mass and aggregate of a like number 
of degrees of velocity, but each equal to the greatest BC, the which mass of 
velocities will be double to the mass of the increasing velocities in the Triangle, 
like as the said Parallelogram is double to the Triangle: and therefore if the 
moveable, that falling did make use of the accelerated degrees of velocity, 
answering to the triangle ABC, hath passed in such a time such a space, it is very 
reasonable and probable, that making use of the uniform velocities answering to 


the parallelogram, it shall passe with an even motion in the same time a space 
double to that passed by the accelerate motion. 


SAGR. 


I am entirely satisfied. And if you call this a probable Discourse, what shall the 
necessary demonstrations be? I wish that in the whole body of common 
Philosophy, I could find one that was but thus concludent. 


SIMP. 


It is not necessary in natural Philosophy to seek exquisite Mathematical 
evidence. In natural Sciences it is not necessary to seek Mathematicall evidence. 


SAGR. 


But this point of motion, is it not a natural question? and yet I cannot find that 
Aristotle hath demonstrated any the least accident of it. But let us no longer 
divert our intended Theme, nor do you fail, I pray you Salviatus, to tell me that 
which you hinted to me to be the cause of the Pendulum’s quiescence, besides 
the resistance of the Medium ro penetration. 


SALV. 


Tell me; of two penduli hanging at unequal distances, doth not that which is 
fastned to the longer threed make its vibrations more seldome? 


SAGR. 


Yes, The pendulum hanging at a longer th eed, maketh its vibrations more 
seldome than the pendulum hanging at a shorter threed. if they be moved to 
equall distances from their perpendicularity. 


SALV. 


This greater or lesse elongation importeth nothing at all, for the same pendulum 
alwayes maketh its reciprocations in equall times, be they longer or shorter, that 
is, though the pendulum be little or much removed from its perpendicularity, The 
vibrations of the same pendulum are made with the same frequency, whether 
they be small or great. and if they are not absolutely equal, they are insensibly 


different, as experience may shew you: and though they were very unequal, yet 
would they not discountenance, but favour our cause. Therefore let us draw the 
perpendicular AB [in Fig. 9. ] and hang from the point A, upon the threed AC, a 
plummet C, and another upon the same threed also, which let be E, and the 
threed AC, being removed from its perpendicularity, and then letting go the 
plummets C and E, they shall move by the arches CBD, EGF, and the plummet 
E, as hanging at a lesser distance, and withall, as (by what you said) lesse 
removed, will return back again faster, and make its vibrations more frequent 
than the plummet C, and therefore shall hinder the said plummet C, from 
running so much farther towards the term D, as it would do, if it were free: and 
thus the plummet E bringing unto it in every vibration continuall impediment, 
The cause which impedeth the pendulum and reduceth it to rest. it shall finally 
reduce it to quiescence. Now the same threed, (raking away the middle plummet) 
is a composition of many grave penduli, that is, each of its parts is such a 
pendulum fastned neerer and neerer to the point A, and therefore disposed to 
make it, vibrations successively more and more frequent; and consequently is 
able to bring a continual impediment to the plummet C; and for a proof that this 
is so, if we do but observe the thread AC, we shall see it distended not directly, 
but in an arch; and if instead of the thread we take a chain, we shall discern the 
effect more perfectly; The thread or chain to which a pendulum is fastned, 
maketh an arch, and doth not stretch it selfe streight out in its vibrations. and 
especially removing the gravity C, to a considerable distance from the 
perpendicular AB, for that the chain being composed of many loose particles, 
and each of them of some weight, the arches AEC, and AFD, will appear notably 
incurvated. By reason therefore, that the parts of the chain, according as they are 
neerer to the point A, desire to make their vibrations more frequent, they permit 
not the lower parts of the said chain to swing so far as naturally they would: and 
by continual detracting from the vibrations of the plummet C, they finally make 
it cease to move, although the impediment of the air might be removed. 


SAGR. 


The books are now come; here take them Simplicius, and find the place you are 
in doubt of. 


SIMP. 


See, here it is where he beginneth to argue against the diurnal motion of the 
Earth, he having first confuted the annual. Motus terrae annuus asserere 


Copernicanos cogit conversionem ejusdem quotidianam; alias idem terrae 
Hemisphaerium continenter ad Solem esset conversum obumbrato semper 
averso. [In English thus: ] The annual motion of the Earth doth compell the 
Copernicans to assert the daily conversion thereof; otherwise the same 
Hemisphere of the Earth would be continually turned towards the Sun, the shady 
side being always averse. And so one half of the Earth would never come to see 
the Sun. 


SALV. 


I find at the very first sight, that this man hath not rightly apprehended the 
Copernican Hypothesis, for if he had but taken notice how he alwayes makes the 
Axis of the terrestrial Globe perpetually parallel to it self, he would not have 
said, that one half of the Earth would never see the Sun, but that the year would 
be one entire natural day, that is, that thorow all parts of the Earth there would be 
six moneths day, and six moneths night, as it now befalleth to the inhabitants 
under the Pole, but let this mistake be forgiven him, and let us come to what 
remaineth. 


SIMP. 


It followeth, Hanc autem gyrationem Terrae impossibilem esse sic 
demonstramus. Which speaks in English thus: That this gyration of the Earth is 
impossible we thus demonstrate. That which ensueth is the declaration of the 
following figure, wherein is delineated many descending grave bodies, and 
ascending light bodies, and birds that fly to and again in the air, &c. 


SAGR. 


Let us see them, I pray you. Oh! what fine figures, what birds, what balls, and 
what other pretty things are here? 


SIMP. 
These are balls which come from the concave of the Moon. 
SAGR. 


and what is this? 


SIMP. 


This is a kind of Shell-fish, which here at Venice they call buovoli; and this also 
came from the Moons concave. 


SAGR. 


Indeed, it seems then, that the Moon hath a great power over these Oyster-fishes, 
which we callPesci armai, or armati. armed sishes. 


SIMP. 


And this is that calculation, which I mentioneds of this Journey in a natural day, 
in an hour, in a first minute, and in a second, which a point of the Earth would 
make placed under the Equinoctial, and also in the parallel of 48 gr. And then 
followeth this, which I doubted I had committed some mistake in reciting, 
therefore let us read it. His positis, necesse est, terra circulariter mota, omnia ex 
aére eidem, &c. Quod si hasce pilas aequales ponemus pondere, magnitudine, 
gravitate, & in concavo Sphaerae Lunaris positas libero descensui permittamus, 
si motum deorsum aequemus celeritate motui circum, (quod tamen secus est, 
cum pila A, &c.) elabentur minimum (ut multum cedamus adversariis) dies sex: 
quo tempore sexies circa terram, &c. [In English thus. ] These things being 
supposed, it is necessary, the Earth being circularly moved, that all things from 
the air to the same, &c. So that if we suppose these balls to be equal in 
magnitude and gravity, and being placed in the concave of the Lunar Sphere, we 
permit them a free descent, and if we make the motion downwards equal in 
velocity to the motion about, (which nevertheless is otherwise, if the ball A, &c.) 
they shall be falling at least (that we may grant much to our adversaries) six 
dayes; in which time they shall be turned six times about the Earth, &c. 


SALV. 


You have but too faithfully cited the argument of this person. From hence you 
may collect Simplicius, with what caution they ought to proceed, who would 
give themselves up to believe others in those things, which perhaps they do not 
believe themselves. For me thinks it a thing impossible, but that this Author was 
advised, that he did design to himself a circle, whose diameter (which amongst 
Mathematicians, is lesse than one third part of the circumference) is above 72 
times bigger than it self: an errour that affirmeth that to be considerably more 
than 200 which is lesse than one. 


SAGR. 


It may be, that these Mathematical proportions, which are true in abstract, being 
once applied in concrete to Physical and Elementary circles, do not so exactly 
agree: And yet, I think, that the Cooper, to find the semidiameter of the bottom, 
which he is to fit to the Cask, doth make use of the rule of Mathematicians in 
abstract, although such bottomes be things meerly material, and concrete! 
therefore let Simplicius plead in excuse of this Author; and whether he thinks 
that the Physicks can differ so very much from the Mathematicks. 


SIMP. 


The substractions are in my opinion insufficient to salve this difference, which is 
so extreamly too great to be reconciled: and in this case I have no more to say 
but that, Quandoque bonus dormilet Homerus. But supposing the calculation 
ofNot Sagredus, as the Latine hath it. Salviatus to be more exact, and that the 
time of the descent of the ball were no more than three hours; yet me thinks, that 
coming from the concave of the Moon, which is so great a distance off, it would 
be an admirable thing, that it should have an instinct of maintaining it self all the 
way over the self-same point of the Earth, over which it did hang in its departure 
thence, and not rather be left a very great way behind. 


SALV. 


The effect may be admirable, and not admirable, but natural and ordinary, 
according as the things precedent may fall out. For if the ball (according to the 
Authors suppositions) whilst it staid in the concave of the Moon, had the circular 
motion of twenty four hours together with the Earth, and with the rest of the 
things contained within the said Concave; that very vertue which made it turn 
round before its descent, will continue it in the same motion in its descending. 
And so far it is from not keeping pace with the motion of the Earth, and from 
staying behind, that it is more likely to out-go it; being that in its approaches to 
the Earth, the motion of gyration is to be made with circles continually lesser 
and lesser; so that the ball retaining in it self that self-same velocity which it had 
in the concave, it ought to anticipate, as I have said, the vertigo or conversion of 
the Earth. But if the ball in the concave did want that circulation, it is not obliged 
in descending to maintain it self perpendicularly over that point of the Earth, 
which was just under it when the descent began. Nor will. Copernicus, or any of 
his followers affirm the same. 


SIMP. 


But the Author maketh an objection, as you see, demanding on what principle 
this circular motion of grave and light bodies, doth depend: that is, whether upon 
an internal or an external principle. 


SALV. 


Keeping to the Probleme of which we speak, I say, that that very principle which 
made the ball turn round, whil’st it was in the Lunar concave, is the same that 
maintaineth also the circulation in the descent: yet I leave the Author at liberty to 
make it internal or external at his pleasure. 


SIMP. 
The Author proveth, that it can neither be inward nor outward. 
SALV. 


And I will say then, that the ball in the concave did not move, and so he shall 
not be bound to shew how that in descending it continueth all the way vertically 
over one point, for that it will not do any such thing. 


SIMP. 


Very well; But if grave bodies, and light can have no principle, either internal or 
external of moving circularly, than neither can the terrestrial Globe move with a 
circular motion: and thus you have the intent of the Author. 


SALV. 


I did not say, that the Earth had no principle, either interne, or externe to the 
motion of gyration, but I say, that I do not know which of the two it hath; and yet 
my not knowing it hath not a power to deprive it of the same; but if this Author 
can tell by what principle other mundane bodies are moved round, of whose 
motion there is no doubt; I say, that that which maketh the Earth to move, is a 
vertue, like to that, by which Mars and Jupiter are moved, and wherewith he 
believes that the starry Sphere it self also doth move; and if he will but assure 
me, who is the mover of one of these moveables, I will undertake to be able to 


tell him who maketh the Earth to move. Nay more; I will undertake to do the 
same, if he can but tell me, who moveth the parts of the Earth downwards. 


SIMP. 
The cause of this is most manifest, and every one knows that it is gravity. 
SALV. 


You are out, Simplicius, you should say, that every one knowes, that it is called 
Gravity: but I do not question you about the name, but the essence of the thing, 
of which essence you know not a tittle more than you know the essence of the 
mover of the stars in gyration; unlesse it be the name that hath been put to this, 
and made familiar, and domestical, by the many experiences which we see 
thereof every hour in the day,; We know more who moveth grave b dus 
downwards; than who moveth the Stars round, nor kn w we any thing of these 
cause , more than the names imposed on them by us. but not as if we really 
understand any more, what principle or vertue that is which moveth a stone 
downwards, than we know who moveth it upwards, when it is separated from the 
projicient, or who moveth the Moon round, except (as I have said) onely the 
name, which more particularly and properly we have assigned to the motion of 
descent, namely, Gravity; whereas for the cause of circular motion, in more 
general termes, we assign the Vertue impressed, and call the same an 
Intelligence, either assisting, or informing; and to infinite other motions we 
ascribe Nature for their cause. 


SIMP. 


It is my opinion, that this Author asketh far lesse than that, to which you deny to 
make answer; for he doth not ask what is nominally and particularly the 
principle that moveth grave and light bodies circularly, but whatsoever it be, he 
desireth to know, whether you think it intrinsecal, or extrinsecal: For howbeit, v. 
gr. I do not know, what kind of thing that gravity is, by which the Earth 
descendeth; yet I know that it is an intern principle, seeing that if it be not 
hindered, it moveth spontaneously: and on the contrary, I know that the principle 
which moveth it upwards, is external; although that I do not know, what thing 
that vertue is, impressed on it by the projicient. 


SALV. 


Into how many questions must we excurre, if we would decide all the 
difficulties, which successively have dependance one upon another! You call 
that an external (and you also call it a preternatural and violent) principle, which 
moveth the grave project upwards; but its possible that it may be no lesse interne 
and natural, than that which moveth it downwards; it may peradventure be called 
external and violent, The vertue which carrieth grave projects upwards, is no 
lesse natural to them, than the gravity which moveth them downwards. so long 
as the moveable is joyned to the projicient; but being separated, what external 
thing remaineth for a mover of the arrow, or ball? In summe, it must necessarliy 
be granted, that that vertue which carrieth such a moveable upwards, is no lesse 
interne, than that which moveth it downwards; and I think the motion of grave 
bodies ascending by the impetus conceived, to be altogether as natural, as the 
motion of descent depending on gravity. 


SIMP. 


I will never grant this; for the motion of descent hath its principle internal, 
natural, and perpetual, and the motion of ascent hath its principle externe, 
violent, and finite. 


SALV. 


If you refuse to grant me, that the principles of the motions of grave bodies 
downwards and upwards, Contrary principles cannot naturally reside in the same 
subject. are equally internal and natural; what would you do, if I should say, that 
they may also be the same in number? 


SIMP. 
I leave it to you to judge. 
SALV. 


But I desire you your self to be the Judge: Therefore tell me, Do you believe that 
in the same natural body, there may reside interne principles, that are contrary to 
one another? 


SIMP. 


I do verily believe there cannot. 


SALV. 


What do you think to be the natural inclination of Earth, of Lead, of Gold, and in 
sum, of the most ponderous matters; that is, to what motion do you believe that 
their interne principle draweth them? 


SIMP. 


To that towards the centre of things grave, that is, to the centre of the Universe, 
and of the Earth, whither, if they be not hindered, it will carry them. 


SALV. 


So that, if the Terrestrial Globe were bored thorow, and a Well made that should 
passe through the centre of it, a Cannon bullet being let fall into the same, as 
being moved by a natural and intrinsick principle, would passe to the centre; and 
it would make all this motion spontaneously, and by intrinsick principle, is it not 
so? 


SIMP. 
So I verily believe. 
SALV. 


But when it is arrived at the centre, do you think that it will passe any further, or 
else that there it would immediately stand still, and move no further? 


SIMP. 
I believe that it would continue to move a great way further. 
SALV. 


But this motion beyond the centre, would it not be upwards, and according to 
your assertion preternatural, and violent? And yet on what other principle do you 
make it to depend, but only upon the self same, which did carry the ball to the 
centre, and which you called intrinsecal, and natural? Finde, if you can, another 
external projicient, that overtaketh it again to drive it upwards. And this that hath 
been said of the motion thorow the centre, The natural motion changeth it selfe 


into that which is called preternatural and violent. is also seen by us here above; 
for the interne impetus of a grave body falling along a declining superficies, if 
the said superficies be reflected the other way, it shall carry it, without a jot 
interrupting the motion, also upwards. A ball of lead that hangeth by a thread, 
being removed from its perpendicularity, descendeth spontaneously, as being 
drawn by its internal inclination, and without any interposure of rest, passeth 
beyond the lowest point of perpendicularity: and without any additional mover, 
moveth upwards. I know that you will not deny, but that the principle of grave 
bodies that moveth them downwards, is no less natural, and intrinsecal, than that 
principle of light bodies, vvhich moveth them upwards: so that I propose to your 
consideration a ball of lead, vvhich descending through the Air from a great 
altitude, and so moving by an intern principle, and comming to a depth of vvater, 
continueth its descent, and without any other externe mover, submergeth a great 
vvay; and yet the motion of descent in the vvater is preternatural unto it; but yet 
nevertheless dependeth on a principle that is internal, and not external to the ball. 
You see it demonstrated then, that a moveable may be moved by one and the 
same internal principle, with contrary motions. 


SIMP. 


I believe there are solutions to all these objections, though for the present I do 
not remember them; but however it be, the Author continueth to demand, on 
what principle this circular motion of grave and light bodies dependeth; that is, 
whether on a principle internal, or external; and proceeding forvvards, sheweth, 
that it can be neither on the one, nor on the other, saying; Si ab externo; Deusne 
illum excitat per continuum miraculum? an vero Angelus, an aër? Et hunc 
quidem multi assignant. Sed contra — [In English thus] If from an externe 
principle; Whether God doth not excite it by a continued Miracle? or an Angel, 
or the Air? And indeed many do assign this. But on the contrary — . 


SALV. 


Trouble not your self to read his argument; for I am none of those who ascribe 
that principle to the ambient air. As to the Miracle, or an Angel, I should rather 
incline to this side; for that which taketh beginning from a Divine Miracle, or 
from an Angelical operation; as for instance, the transportation of a Cannon ball 
or bullet into the concave of the Moon, doth in all probability depend on the 
vertue of the same principle for performing the rest. But, as to the Air, it serveth 
my turn, that it doth not hinder the circular motion of the moveables, which we 


did suppose to move thorow it. And to prove that, it sufficeth (nor is more 
required) that it moveth with the same motion, and finisheth its circulations with 
the same velocity, that the Terrestrial Globe doth. 


SIMP. 


And he likewise makes his opposition to this also; demanding who carrieth the 
air about, Nature, or Violence? And proveth, that it cannot be Nature, alledging 
that that is contrary to truth, experience, and to Copernicus himself. 


SALV. 


It is not contrary to Copernicus in the least, who writeth no such thing; and this 
Author ascribes these things to him with two excessive courtesie. It’s true, he 
saith, and for my part I think he saith well, that the part of the air neer to the 
Earth, being rather a terrestrial evaporation, may have the same nature, and 
naturally follow its motion; or, as being contiguous to it, may follow it in the 
same manner, as the Peripateticks say, that the superiour part of it, and the 
Element of fire, follow the motion of the Lunar Concave, so that it lyeth upon 
them to declare, whether that motion be natural, or violent. 


SIMP. 


The Author will reply, that if Copernicus maketh only the inferiour part of the 
Air to move, and supposeth the upper part thereof to want the said motion, he 
cannot give a reason, how that quiet air can be able to carry those grave bodies 
along with it, and make them keep pace with the motion of the Earth. 


SALV. 


Copernicus will say, The propension of elementary bodies to follow the Earth, 
hath a limited Sphere of activity. that this natural propension of the elementary 
bodies to follow the motion of the Earth, hath a limited Sphere, out of which 
such a natural inclination would cease; besides that, as I have said, the Air is not 
that which carrieth the moveables along with it; which being separated from the 
Earth, do follow its motion; so that all the objections come to nothing, which this 
Author produceth to prove, that the Air cannot cause such effects. 


SIMP. 


To shew therefore, that that cannot be, it will be necessary to say, that such like 
effects depend on an interne principle, against which position, oboriuntur 
difficillimae, immo inextricabiles quaestiones secundae, of which sort are these 
that follow. Principium illud internum vel est accidens, vel substantia. Si 
primum; quale nam illud? nam qualitas locomotiva circum, hactenus nulla 
videtur agni a. (In English thus:) Contrary to which position there do arise most 
difficult, yea inextricable second questions, such as these; That intern principle 
is either an accident, or a substance. If the first; what manner of accident is it? 
For a locomotive quality about the centre, seemeth to be hitherto acknowledged 
by none. 


SALV. 


How, is there no such thing acknowledged? Is it not known to us, that all these 
elementary matters move round, together with the Earth? You see how this 
Author supposeth for true, that which is in question. 


SIMP. 


He saith, that we do not see the same; and me thinks, he hath therein reason on 
his side. 


SALV. 
We see it not, because we turn round together with them. 
SIMP. 


Hear his other Argument. Quae etiam si esset, quomodò tamen inveniretur in 
rebus tam contrariis? in igne, ut in aqua; in aëre, ut in terra; in viventibus, ut in 
anima carentibus? [in English thus: ] Which although it were, yet how could it 
be found in things so contrary? in the fire, as in the water? in the air, as in the 
earth? in living creatures, as in things wanting life? 


SALV. 


Supposing for this time, that water and fire are contraries; as also the air and 
earth; (of which yet much may be said) the most that could follow from thence 
would be, that those motions cannot be common to them, that are contrary to one 
another: so that v. g. the motion upwards, which naturally agreeth to fire, cannot 


agree to water; but that, like as it is by nature contrary to fire: so to it that motion 
suiteth, which is contrary to the motion of fire, which shall be the motion 
deorsum; but the circular motion, which is not contrary either to the motion 
sursum, or to the motion deorsum, but may mix with both, as Aristotle himself 
affirmeth, why may it not equally suit with grave bodies and with light? The 
motions in the next place, which cannot be common to things alive, and dead, 
are those which depend on the soul: but those which belong to the body, in as 
much as it is elementary, and consequently participateth of the qualities of the 
elements, why may not they be common as well to the dead corps, as to the 
living body? And therefore, if the circular motion be proper to the elements, it 
ought to be common to the mixt bodies also. 


SAGR. 


It must needs be, that this Author holdeth, that a dead cat, falling from a 
window, it is not possible that a live cat also could fall; it not being a thing 
convenient, that a carcase should partake of the qualities which suit with things 
alive. 


SALV. 


Therefore the discourse of this Author concludeth nothing against one that 
should affirm, that the principle of the circular motions of grave and light bodies 
is an intern accident: I know not how he may prove, that it cannot be a 
substance. 


SIMP. 


He brings many Arguments against this. The first of which is in these words: Si 
secundum (nempè, si dicas tale principium esse substantiam) illud est aut 
materia, aut forma, aut compositum. Sed repugnant iterum tot diversae rerum 
naturae, quales sunt aves, limaces, saxa, sagittae, nives, fumi, grandines, pisces, 
&c. quae tamen omnia specie & genere differentia, moverentur à naturà suâ 
circulariter, ipsa naturis diversissima, &c. [In English thus] If the second, (that 
is, if you shall say that this principle is a substance) it is either matter, or form, or 
a compound of both. But such diverse natures of things are again repugnant, 
such as are birds, snails, stones, darts, snows, smoaks, hails, fishes, &c. all which 
notwithstanding their differences in species and kind, are moved of their own 
nature circularly, they being of their natures most different, &c. 


SALV. 


If these things before named are of diverse natures, and things of diverse natures 
cannot have a motion in common, it must follow, if you would give satisfaction 
to all, that you are to think of, more than two motions onely of upwards and 
downwards: and if there must be one for the arrows, another for the snails, 
another for the stones, and another for fishes; then are you to bethink your self of 
worms, topazes and mushrums, which are not less different in nature from one 
another, than snow and hail. 


SIMP. 
It seems that you make a jest of these Arguments. 
SALV. 


No indeed, Simplicius, but it hath been already answered above, to wit, that if 
one motion, whether downwards or upwards, can agree with all those things 
afore named, a circular motion may no less agree with them: and as you are a 
Peripatetick, do not you put a greater difference between an elementary comet 
and a celestial star, than between a fish and a bird? and yet both those move 
circularly. Now propose your second Argument. 


SIMP. 


Si terra staret per voluntatem Dei, rotaréntne caetera, an non? si hoc, falsum est à 
naturâ gyrare; si illud, redeunt priores quaestiones. Et sanè mirum esset, quòd 
Gavia pisciculo, Alauda nidulo suo, & corvus limaci, petraque, etiam volans, 
imminere non posset. [Which I thus render: ] If the Earth be supposed to stand 
still by the will of God, should the rest of bodies turn round or no? If not, then 
it’s false that they are revolved by nature; if the other, the former questions will 
return upon us. And truly it would be strange that the Sea-pie should not be able 
to hover over the small fish, the Lark over her nest, and the Crow over the snail 
and rock, though flying. 


SALV. 


I would answer for my self in general terms, that if it were appointed by the will 
of God, that the Earth should cease from its diurnal revolution, those birds would 
do what ever should please the same Divine will. But if this Author desire a 


more particular answer, I should tell him, that they would do quite contrary to 
what they do now, if whilst they, being separated from the Earth, do bear 
themselves up in the air, the Terrestrial Globe by the will of God, should all on a 
sudden be put upon a precipitate motion; it concemeth this Author now to 
ascertain us what would in this case succeed. 


SAGR. 


I pray you, Salviatus, at my request to grant to this Author, that the Earth 
standing still by the will of God, the other things, separated from it, would 
continue to turn round of their own natural motion, and let us hear what 
impossibilities or inconveniences would follow: for I, as to my own particular, 
do not see how there can be greater disorders, than these produced by the Author 
himself, that is, that Larks, though they should flie, could not be able to hover 
over their nests, nor Crows over snails, or rocks: from whence would follow, that 
Crows must suffer for want of snails, and young Larks must die of hunger, and 
cold, not being able to be fed or sheltered by the wings of the old ones. This is 
all the ruine that I can conceive would follow, supposing the Authors speech to 
be true. Do you see, Simplicius, if greater inconveniences would happen? 


SIMP. 


I know not how to discover greater; but it is very credible, that the Author 
besides these, discovered other disorders in Nature, which perhaps in reverend 
respect of her, he was not willing to instance in. Therefore let us proceed to the 
third Objection. Insuper qui fit, ut istae res tam variae tantum moveantur ab 
Occasu in Ortum, parallelae ad Aequatorem? ut semper moveantur, nunquam 
quiescant? [which speaks to this sense: ] Moreover, how comes it to pass that 
these things, so diverse, are onely moved from the West towards the East, 
parallel to the Aequinoctial? that they always move, and never rest? 


SALV. 


They move from West to East parallel to the Aequinoctial without ceasing, in 
the same manner as you believe the fixed stars to move from East to West, 
parallel to the Aequinoctial, without ever resting. 


SIMP. 


Quareé, quo sunt altiores, celeriùs; quo humiliores, tarditis? (i. e.) Why are the 
higher the swifter, and the lower the lower? 


SALV. 


Because that in a Sphere or circle, that turns about upon its own centre, the 
remoter parts describe greater circuits, and the parts nearer at hand describe 
lesser in the same time. 


SIMP. 


Quare, quae Aequinoctiali propriores, in majori; quae remotiores, in minori 
circulo feruntur? [scilicet: ] Why are those near the Aequinoctial carried about in 
a greater circle, and those which are remote in a lesser? 


SALV. 


To imitate the starry Sphere, in which those nearest to the Aequinoctial, move in 
greater circles, than the more remote. 


SIMP. 


Quarè Pila eadem sub Aequinoctiali tota circa centrum terrae, ambitu maximo, 
celeritate incredibili; sub Polo verò circa centrum proprium, gyro nullo, tarditate 
suprema volveretur? [That is: ] Why is the same ball under the Aequinoctial 
wholly turned round the centre of the Earth in the greatest circumference, with 
an incredible celerity; but under the Pole about its own centre, in no circuite, but 
with the ultimate degree of tardity? 


SALV. 


To imitate the stars of the Firmament, that would do the like if they had the 
diurnal motion. 


SIMP. 


Quare eadem res, pila v. g. plumbea, si semel terram circuivit, descripto circulo 
maximo, eandem ubique non circummigret secundùm circulum maximum, sed 
translata extra Aequinoctialem in circulis minoribus agetur? [Which speaketh 
thus: ] Why doth not the same thing, as for example, a ball of lead turn round 


every where according to the same great circle, if once describing a great circle, 
it hath incompassed the Earth, but being removed from the Aequinoctial, doth 
move in lesser circles? 


SALV. 


Because so would, nay, according to the doctrine of Ptolomey, so have some 
fixed stars done, which once were very near the Aequinoctial, and described 
very vast circles, and now that they are farther off, describe lesser. 


SAGR. 


If I could now but keep in mind all these fine notions, I should think that I had 
made a great purchase; I must needs intreat you, Simplicius, to lend me this 
Book, for there cannot chuse but be a sea of rare and ingenious matters 
contained in it. 


SIMP. 

I will present you with it. 

SAGR. 

Not so, Sir; I would not deprive you of it: but are the Queries yet at an end? 
SIMP. 


No Sir; hearken therefore. Si latio circularis gravibus & levibus est naturalis, 
qualis est ea quae fit secundùm lineam rectam? Nam si naturalis, quomodo & is 
motus qui circum est, naturalis est, cùm specie differat à recto? Si violentus, quî 
fit, ut missile ignitum sursum evolans scintillosum caput sursùm à terrâ, non 
autem circum volvatur, &c. [Which take in our idiom: ] If a circular lation is 
natural to heavy and light things, what is that which is made according to a right 
line? For if it be natural, how then is that motion which is about the centre 
natural, seeing it differs in species from a right motion? If it be violent, how is it 
that a fiery dart flying upwards, sparkling over our heads at a distance from the 
Earth, but not turning about, &c. 


SALV. 


It hath been said already very often, Of the mixt motion we see not the part that 
is circular, because we partake thereof. that the circular motion is natural to the 
whole, and to its parts, whilst they are in perfect disposure, and the right is to 
reduce to order the parts disordered; though indeed it is better to say, that neither 
the parts ordered or disordered ever move with a right motion, but with one 
mixed, which might as well be averred meerly circular: but to us but one part 
onely of this motion is visible and observable, that is, the part of the right, the 
other part of the circular being imperceptible to us, because we partake thereof. 
And this answers to the rays which move upwards, and round about, but we 
cannot distinguish their circular motion, for that, with that we our selves move 
also. But I believe that this Author never thought of this mixture; for you may 
see that he resolutely saith, that the rays go directly upwards, and not at all in 
gyration. 


SIMP. 


Quare centrum sphaere delapsae sub Aequatore spiram describit in ejus plano: 
sub aliis parallelis spiram describit in cono? sub Polo descendit in axe lineam 
gyralem, decurrens in superficie cylindrica consignatam? (In English to this 
purpose:) Why doth the centre of a falling Globe under the Aequinoctial describe 
a spiral line in the plane of the Aequator; and in other parallels a spiral about a 
Cone; and under the Pole descend in the axis describing a gyral line, running in a 
Cylindrical Superficie? 


SALV. 


Because of the lines drawn from the Centre to the circumference of the sphere, 
which are those by which graves descend, that which terminates in the 
Aequinoctial designeth a circle, and those that terminate in other parallels 
describe conical superficies; now the axis describeth nothing at all, but 
continueth in its own being. And if I may give you my judgment freely, I will 
say, that I cannot draw from all these Queries, any sense that interfereth with the 
motion of the Earth; for if I demand of this Author, (granting him that the Earth 
doth not move) what would follow in all these particulars, supposing that it do 
move, as Copernicus will have it; I am very confident, that he would say that all 
these effects would happen, that he hath objected, as inconveniences to disprove 
its mobility: so that in this mans opinion necessary consequences are accounted 
absurdities: but I beseech you, if there be any more, dispatch them, and free us 
speedily from this wearisom task. 


SIMP. 


In this which follows he opposes Copernicus & his Sectators, who affirm, that 
the motion of the parts separated from their whole, is onely to unite themselves 
to their whole; but that the moving circularly along with the vertigenous diurnal 
revolution is absolutely natural: against which he objecteth, saying, that 
according to these mens opinion; Si tota terra, una cum aqua in nihilum 
redigeretur, nulla grando aut pluvia è nube decideret, sed naturalater tantum 
circumferetur, neque ignis ullus, aut igneum ascenderet, cum illorum non 
improbabili sententia ignis nullus sit supra. [Which I translate to this sense: ] If 
the whole Earth, together with the Water were reduced into nothing, no hail or 
rain would fall from the clouds, but would be onely naturally carried round; 
neither any fire or fiery thing would ascend, seeing to these that men it is no 
improbable opinion that there is no fire above. 


SALV. 


The providence of this Philosopher is admirable, and worthy of great applause; 
for he is not content to provide for things that might happen, the course of 
Nature continuing, but will shew hic care in what may follow from those things 
that he very well knows shall never come to pass. I will grant him therefore, 
(that I may get som pretty passages out of him) that if the Earth and Water 
should be reduced to nothing, there would be no more hails or rains, nor would 
igneal matters ascend any longer upwards, but would continually turn round: 
what will follow? what will the Philosopher say then? 


SIMP. 


The objection is in the words which immediately follow; here they are: Quibus 
tamen experientia & ratio adversatur. Which nevertheless (saith he) is contrary 
to experience and reason. 


SALV. 


Now I must yield, seeing he hath so great an advantage of me as experience, of 
which I am unprovided. For as yet I never had the fortune to see the Terrestrial 
Globe and the element of Water turn’d to nothing, so as to have been able to 
observe what the hail and water did in that little Chaos. But he perhaps tells us 
for our instruction what they did. 


SIMP. 
No, he doth not. 
SALV. 


I would give any thing to change a word or two with this person, to ask him, 
whether when this Globe vanished, it carried away with it the common centre of 
gravity, as I believe it did; in which case, I think that the hail and water would 
remain insensate and stupid amongst the clouds, without knowing what to do 
with themselves. It might be also, that attracted by that great void Vacuum, left 
by the Earths absenting, all the ambients would be rarified, and particularly, the 
air, which is extreme easily drawn, and would run thither with very great haste to 
fill it up. And perhaps the more solid and material bodies, as birds, (for there 
would in all probability be many of them scattered up and down in the air) 
would retire more towards the centre of the great vacant sphere; (for it seemeth 
very reasonable, that substances that under small bulk contain much matter, 
should have narrower places assigned them, leaving the more spacious to the 
more ra ified) and there being dead of hunger, and resolved into Earth, would 
form a new little Globe, with that little water, which at that time was among the 
clouds. It might be also, that those matters as not beholding the light, would not 
perceive the Earths departure, but like blind things, would descend according to 
their usual custom to the centre, whither they would now go, if that globe did not 
hinder them. And lastly, that I may give this Philosopher a less irresolute answer, 
I do tell him, that I know as much of what would follow upon the annihilation of 
the Terrestrial Globe, as he would have done that was to have followed in and 
about the same, before it was created. And because I am certain he will say, that 
he would never have been able to have known any of all those things which 
experience alone hath made him knowing in, he ought not to deny me pardon, 
and to excuse me if I know not that which he knows, touching what would ensue 
upon the annihilation of the said Globe: for that I want that experience which he 
hath. Let us hear if he have any thing else to say. 


SIMP. 


There remains this figure, which represents the Terrestrial Globe with a great 
cavity about its centre, full of air; and to shew that Graves move not downwards 
to unite with the Terrestrial Globe, as Copernicus saith, he constituteth this stone 
in the centre; and demandeth, it being left at liberty, what it would do; and he 


placeth another in the space of this great vacuum, and asketh the same question. 
Saying, as to the first: Lapis in centro constitutus, aut ascendet ad terram in 
punctum aliquod, aut non. Si secundum; falsum est, partes ob solam 
sejunctionem a toto, ad illud moveri. Si primum; omnis ratio & experientia 
renititur, neque gravia in suae gravitatis centro conquiescent. Item si suspensus 
lapis, liberatus decidat in centrum, separabit se a toto, contra Copernicum: si 
pendeat, refragatur omnis experientia, cum videamus integros fornices corruere. 
(Wherein he saith:) The stone placed in the centre, either ascendeth to the Earth 
in some point, or no. If the second, it is false that the parts separated from the 
whole, move unto it. If the first; it contradicteth all reason and experience, nor 
doth the grave body rest in the centre of its gravity. And if the stone being 
suspended in the air, be let go, do descend to the centre, it will separate from its 
vvhole, contrary to Copernicus: if it do hang in the air, it contradicteth all 
experience: since we see whole Vaults to fall dovvn. 


SALV. 


I vvill ansvver, though vvith great disadvantage to my self, seeing I have to do 
vvith one vvho hath seen by experience, vvhat these stones do in this great Cave: 
a thing, vvhich for my part I have not seen; and vvill say, that things grave have 
an existence before the common centre of gravity: Things grave are before the 
centre of gravity. so that it is not one centre alone, vvhich is no other than 
indivisible point, and therefore of no efficacie, that can attract unto it grave 
matters; but that those matters conspiring naturally to unite, form to themselves a 
common centre, which is that about which parts of equal moment consist: The 
great ma of grave bodies being transfe red cut of their place, the separated parts 
would follow that so that I hold, that if the great aggregate of grave bodies vvere 
gathered all into any one place, the small parts that vvere separated from their 
vvhole, vvould follovv the same, and if they vvere not hindered, vvould 
penetrate vvherever they should find parts less grave than themselves: but 
coming vvhere they should meet vvith matters more grave, they vvould descend 
no farther. And therefore I hold, that in the Cave full of air, the vvhole Vault 
vvould press, and violently rest it self onely upon that air, in case its hardness 
could not be overcome and broken by its gravity; but loose stones, I believe, 
would descend to the centre, and not swim above in the air: nor may it be said, 
that they move not to their whole, though they move whither all the parts of the 
whole would transfer themselves, if all impediments were removed. 


SIMP. 


That which remaineth, is a certain Errour which he observeth in a Disciple of 
Copernicus, who making the Earth to move with an annual motion, and a 
diurnal, in the same manner as the Cart-wheel moveth upon the circle of the 
Earth, and in it self, did constitute the Terrestrial Globe too great, or the great 
Orb too little; for that 365 revolutions of the Aequinoctial, are less by far than 
the circumference of the great Orb. 


SALV. 


Take notice that you mistake, and tell us the direct contrary to what must needs 
be written in that Book; for you should say, that that same Copernican Author 
did constitute the Terrestrial Globe too little, and the great Orb too big; and not 
the Terrestrial Globe too big, and the annual too little. 


SIMP. 


The mistake is not mine; see here the words of the Book. Non videt, quòd vel 
circulum annuum aequo minorem, vel orbem terreum justo multò fabricet 
majorem. (In English thus:) He seeth not, that he either maketh the annual circle 
equal to the less, or the Terrestrial Orb much too big. 


SALV. 


I cannot tell whether the first Author erred or no, since the Author of this 
Tractate doth not name him; but the error of this Book is certain and 
unpardonable, whether that follower of Copernicus erred or not erred; for that 
your Author passeth by so material an error, without either detecting or 
correcting it. But let him be forgiven this fault, as an error rather of 
inadvertencie, than of any thing else: Farthermore, were it not, that I am already 
wearied and tired with talking and spending so much time with very little profit, 
in these frivolous janglings and altercations, I could shew, that it is not 
impossible for a circle, though no bigger than a Cart-wheel, It is not impo sible 
with the circumference of a small for times volved to measure and describ 
great circle whatsoever. with making not 365, but lesse than 20 revolutions, to 
describe and measure the circumference, not onely of the grand Orb, but of one a 
thousand times greater; and this I s y to shew, that there do not want far greater 
subtilties, than this wherewith your Author goeth about to detect the errour of 
Copernicus: but I pray you, let us breath a little, that so we may proceed to the 
other Philosopher, that opposeth of the same Copernicus. 


SAGR. 


To confesse the truth, I stand as much in need of respite as either of you; though 
I have onely wearied my eares: and were it not that I hope to hear more 
ingenious things from this other Author, I question whether I should not go my 
ways, to take the air in myGo d la. Pleasure-boat. 


SIMP. 


I believe that you will hear things of greater moment; for this is a most 
accomplished Philosopher, and a great Mathematician, and hath confuted Tycho 
in the businesse of the Comets, and new Stars. The ame of the Author is Scipio 
Claramontius. 


SALV. 
Perhaps he is the same with the Author of the Book, called Anti-Tycho? 
SIMP. 


He is the very same: but the confutation of the new Stars is not in his Anti- 
Tycho, onely so far as he proveth, that they were not prejudicial to the 
inalterability and ingenerability of the Heavens, as I told you before; but after he 
had published his Anti-Tycho, having found out, by help of the Parallaxes, a way 
to demonstrate, that they also are things elementary, and contained within the 
concave of the Moon, he hath writ this other Book, de tribus novis Stellis, &c. 
and therein also inserted the Arguments against Copernicus: I have already 
shewn you what he hath written touching these new Stars in his Anti-Tycho, 
where he denied not, but that they were in the Heavens; but he proved, that their 
production altered not the inalterability of the Heavens, and that he did, with a 
Discourse purely philosophical, in the same manner as you have already heard. 
And I then forgot to tell you, how that he afterwards did finde out a way to 
remove them out of the Heavens; for he proceeding in this confutation, by way 
of computations and parallaxes, matters little or nothing at all understood by me, 
I did not mention them to you, but have bent all my studies upon these 
arguments against the motion of the Earth, which are purely natural. 


SALV. 


I understand you very well: and it will be convenient after we have heard what 
he hath to say against Copernicus, that we hear, or see at least the manner 
wherewith he, by way of Parallaxes, proveth those new stars to be elementary, 
which so many famous Astronomers constitute to be all very high, and amongst 
the stars of the Firmament; and as this Author accomplisheth such an enterprize 
of pulling the new stars out of heaven, and placing them in the elementary 
Sphere, he shall be worthy to be highly exalted, and transferred himself amongst 
the stars, or at least, that his name be by fame etern ed amongst them. Yet before 
we enter upon this, let us hear what he alledgeth against the opinion of 
Copernicus, and do you begin to recite his Arguments. 


SIMP. 


It will not be necessary that we read them ad verbum, because they are very 
prolix; but I, as you may see, in reading them several times attentively, have 
marked in the margine those words, wherein the strength of his arguments lie, 
and it will suffice to read them. The opinion of Copernicus overthrows the 
Criterium of Philosophy The first Argument beginneth here. Et primo, si opinio 
Copernici recipiatur, Criterium naturalis Philosophiae, ni prorsus tollatur, 
vehementer sal em labefactari videtur. [In our Idiom thus] And first, if 
Copernicus his opinion be imbraced, the Criterium of natural Philosophy will be, 
if not wholly subverted, yet at least extreamly shaken. 


Which, according to the opinion of all the sects of Philosophers requireth, that 
Sense and Experience be our guides in philosophating: But in the Copernican 
position the Senses are greatly deluded, whil’st that they visibly discover neer at 
hand in a pure Medium, the gravest bodies to descend perpendicularly 
downwards, never deviating a single hairs breadth from rectitude; and yet 
according to the opinion of Copernicus, the sight in so manifest a thing is 
deceived, and that motion is not reall straight, but mixt of right and circular. 


SALV. 


This is the first argument, that Aristotle, Ptolomy, and all their followers do 
produce; to vvhich we have abundantly answered, and shewn the Paralogisme, 
and with sufficient plainnesse proved, that the motion in common to us and other 
moveables, is, as if there were no such thing; but because true conclusions meet 
with a thousand accidents, Common motion is, as if it never were. that confirme 
them, I vvill, with the favour of this Philosopher, adde something more; and you 


Simplicius personating him, answer me to vvhat I shall ask you: The argument 
taken from things falling perpendicularly, another way confuted. And first tell 
me, vvhat effect hath that stone upon you, which falling from the top of the 
Tower, is the cause that you perceive that motion; for if its fall doth operate upon 
you neither more nor lesse, than its standing still on the Towers top, you 
doubtlesse could not discern its descent, or distinguish its moving from its lying 
still. 


SIMP. 


I comprehend its moving, in relation to the Tower, for that I see it one while just 
against such a mark in the said Tower, and another while against another lower, 
and so successively, till that at last I perceive it arrived at the ground. 


SALV. 


Then if that stone were let fall from the tallons of an Eagle flying, and should 
descend thorow the simple invisible Air, and you had no other object visible and 
stable, wherewith to make comparisons to that, you could not perceive its 
motion? 


SIMP. 


No, nor the stone it self; for if I would see it, when it is at the highest, Where e 
motion of body is collected. I must raise up my head, and as it descendeth, I 
must hold it lower and lower, and in a word, must continually move either that, 
or my eyes, following the motion of the said stone. 


SALV. 


You have novv rightly answered: you knovv then that the stone lyeth still, The 
motion of the eye argueth the motion of the ob ect looked on. vvhen without 
moving your eye, you alwayes see it before you; and you know that it moveth, 
when for the keeping it in sight, you must move the organ of sight, the eye. So 
then vvhen ever without moving your eye, you continually behold an object in 
the self same aspect, you do alvvays judge it immoveable. 


SIMP. 


I think it must needs be so. 


SALV. 


Novv fancy your self to be in a ship, and to have fixed your eye on the point of 
the Sail-yard: Do you think, that because the ship moveth very fast, you must 
move your eye, to keep your sight alvvayes upon the point of the Sail-yard, and 
to follow its motion? 


SIMP. 


Į am certain, that I should need to make no change at all; and that not only in the 
sight; but if I had aimed a Musket at it, I should never have need, let the ship 
move how it vvill, to stir it an hairs breadth to keep it full upon the same. 


SALV. 


And this happens because the motion, which the Ship conferreth on the Sail- 
yard, it conferreth also upon you, and upon your eye; so that you need not stir it 
a jot to behold the top of the Sail-yard: and consequently, it vvill seem to you 
immoveaable. Now this Discourse being applied to the revolution of the Earth, 
and to the stone placed in the top of the Tower, in which you cannot discern any 
motion, because that you have that motion vvhich is necessary for the following 
of it, in common with it from the Earth; so that you need not move your eye. 
When again there is conferred upon it the motion of descent, which is its 
particular motion, and not yours, and that it is intermixed with the circular, that 
part of the circular which is common to the stone, and to the eye, continueth to 
be imperceptible, and the right onely is perceived, for that to the perception of it, 
you must follow it with your eye, looking lower and lower. I wish for the 
undeceiving of this Philosopher, that I could advise him, that some time or other 
going by water, An experiment that how the common motion is imperc ptible. 
he would carry along with him a Vessel of reasonable depth full of water, and 
prepare a ball of wax, or other matter that would descend very slowly to the 
bottome, so that in a minute of an hour, it would scarce sink a yard; and that 
rowing the boat as fast as could be, so that in a minute of an hour it should run 
above an hundred yards, he would let the ball submerge into the water, & freely 
descend, & diligently observe its motion. If he would but do thus, he should see, 
first, that it would go in a direct line towards that point of the bottom of the 
vessel, whither it would tend, if the boat should stand still; & to his eye, and in 
relation to the vessel, that motion would appear most straight and perpendicular, 
and yet he could not say, but that it would be composed of the right motion 


downwards, and of the circular about the element of water. And if these things 
befall in matters not natural, and in things that we may experiment in their state 
of rest; & then again in the contrary state of motion, and yet as to appearance no 
diversity at all is discovered, & that they seem to deceive our sense what can we 
distinguish touching the Earth, which hath been perpetually in the same 
constitution, as to motion and rest? And in what time can we experiment whether 
any difference is discernable amongst these accidents of local motion, in its 
diverse states of motion and rest, if it eternally indureth in but one onely of 
them? 


SAGR. 


These Discourses have somewhat whetted my stomack, which those fishes, and 
snails had in part nauseated; and the former made me call to minde the 
correction of an errour, that hath so much appearance of truth, that I know not 
whether one of a thousand would refuse to admit it as unquestionable. And it 
was this, that sailing into Syria, and carrying with me a very good Telescope, 
that had been bestowed on me by our Common Friend, who not many dayes 
before had invented, I proposed to the Mariners, that it would be of great benefit 
in Navigation to make use of it upon the round top of a ship, to discover and 
kenne Vessels afar off. The benefit was approved, but there was objected the 
difficulty of using it, An ingenuous consideration about the possibility of using 
the Telescope with as much facility on the round top of the Mast of a ship, as on 
the Deck. by reason of the Ships continual fluctuation; and especially on the 
round top, where the agitation is so much greater, and that it would be better for 
any one that would make use thereof to stand at the Partners upon the upper 
Deck, where the tossing is lesse than in any other place of the Ship. I (for I will 
not conceal my errour) concurred in the same opinion, and for that time said no 
more: nor can I tell you by what hints I was moved to return to ruminate with my 
self upon this businesse, and in the end came to discover my simplicity (although 
excusable) in admitting that for true, which is most false; false I say, that the 
great agitation of the basket or round top, in comparison of the small one below, 
at the partners of the Mast, should render the use of the Telescope more difficult 
in finding out the object. 


SALV. 


I should have accompanied the Mariners, and your self at the beginning. 


SIMP. 


And so should I have done, and still do: nor can I believe, if I should think of it 
an hundred years, that I could understand it otherwise. 


SAGR. 


I may then, it seems, for once prove a Master to you both. And because the 
proceeding by interrogatories doth in my opinion much dilucidate things, besides 
the pleasure which it affords of confounding our companion, forcing from him 
that which he thought he knew not, I will make use of that artifice. And first, I 
suppose that the Ship, Gally, or other Vessel, which we would discover, is a 
great way off, that is, four, six, ten, or twentyl deviate here from the strict Sea 
Diallect, which denominates all distances by Leagues. miles, for that to kenne 
those neer at hand there is no need of these Glasses: & consequently, the 
Telescope may at such a distance of four or six miles conveniently discover the 
whole Vessel, & a muchgreater bulk. Now I demand what for species, & how 
many for number are the motions that are made upon the round top, depending 
on the fluctuation of the Ship. 


SALV. 


We will suppose that the Ship goeth towards the East. First, Different motions 
depending on the fluctuation of the Ship. in a calme Sea, it would have no other 
motion than this of progression, but adding the undulation of the Waves, there 
shall result thence one, which alternately hoysting and lowering the poop and 
prow, maketh the round top, to lean forwards and backwards; other waves 
driving the vessel sidewayes, bow the Mast to the Starboard and Larboard; 
others, may bring the ship somewhat abovt, and bear her away by the Misne 
from East, one while towards theGreco, which the Latine Translator according to 
his usual carelessenesse (to call it no worse) translates Corum Ventum, the 
Northwest Wind; for Ventum Libanotum. Northeast, another while toward the 
Southeast; others bearing her up by the Carine may make her onely to rise, and 
fall; and in sum, these motions are for species two, one that changeth the 
direction of the Telescope angularly, the other lineally, without changing angle, 
that is, alwayes keeping the tube of the Instrument parallel to its self. 


SAGR. 


Tell me, Two mutations made in the Telescope, depending on the agitation of 
the Ship. in the next place, if we, having first directed the Telescope yonder 
away towards the Tower ofThis is a Castle six Italian miles from Venice 
Northwards. Burano, six miles from hence, do turn it angularly to the right hand, 
or to the left, or else upwards or downwards, but aVn nero d’ ugna, the black or 
paring of a nail. straws breadth, what effect shall it have upon us touching the 
finding out of the said tower? 


SALV. 


It would make us immediately lose sight of it, for such a declination, though 
small here, may import there hundreds and thousands of yards. 


SAGR. 


But if without changing the angle, keeping the tube alwayes parallel to it self, we 
should transfer it ten or twelve yards farther off to the right or left hand, upwards 
or downwards, what alteration would it make as to the Tower? 


SALV. 


The change would be absolutely undiscernable; for that the spaces here and there 
being contained between parallel rayes, the mutations made here and there, 
ought to be equal, and because the space which the Instrument discovers yonder, 
is capable of many of those Towers; therefore we shall not lose sight of it. 


SAGR. 


Returning now to the Ship, we may undoubtedly affirm, that the Telescope 
moving to the right or left, upwards, or downwards, and also forwards or 
backwards ten or fifteen fathom; keeping it all the while parallel to its self, the 
visive ray cannot stray from the point observed in the object, more than those 
fifteen fathom; and because in a distance of eight or ten miles, the Instrument 
takes in a much greater space than the Gally or other Vessel kenn’d; therefore 
that small mutation shall not make me lose sight of her. The impediment 
therefore, and the cause of losing the object cannot befall us, unlesse upon the 
mutation made angularly; since that Telescopes transportation higher or lower, 
to the right, or to the left, by the agitation of the ship, cannot import any great 
number of fathomes. Now suppose that you had two Telescopes fixed, one at the 
Partners close by the Deck, and the other at the round top, nay at the main top, or 


main top-gallant top, where you hang forth the Pennon or streamer, and that they 
be both directed to the Vessel that is ten miles off, tell me, whether you believe 
that any agitation of the ship, & inclination of the Mast, can make greater 
changes, as to the angle, in the higher tube, than in the lower? One wave arising, 
the prow will make the main top give back fifteen or twenty fathom more than 
the foot of the Mast, and it shall carry the upper tube along with it so greata 
space, & the lower it may be not a palm; but the angle shall change in one 
Instrument aswell as in the other; and likewise a side-billow shall bear the higher 
tube an hundred times as far to the Larboard or Starboard, as it will the other 
below; but the angles change not at all, or else alter both alike. But the mutation 
to the right hand or left, forwards or backwards, upwards or downwards, 
bringeth no sensible impediment in the kenning of objects remote, though the 
alteration of the angle maketh great change therein; Therefore it must of 
necessity be confessed, that the use of the Telescope on the round top is no more 
difficult than upon the Deck at the Partners; seeing that the angular mutations are 
alike in both places. 


SALV. 


How much circumspection is there to be used in affirming or denying a 
proposition? I say again, thar hearing it resolutely affirmed, that there is a greater 
motion made on the Masts top, than at its partners, every one will perswade 
himself, that the use of the Telescope is much more difficult above than below. 
And thus also I will excuse those Philosophers, who grow impatient and fly out 
into passion against such as will not grant them, that that Cannon bullet which 
they cleerly see to fall in a right line perpendicularly, doth absolutely move in 
that manner; but will have its motion to be by an arch, and also very much 
inclined and transversal: but let us leave them in these labyrinths, and let us hear 
the other objections, that our Author in hand brings against Copernicus. 


SIMP. 


The Author goeth on to demonstrate that in the Doctrine of Copernicus, it is 
requisite to deny the Senses, and the greatest Sensations, The annual motion of 
the a perpetual and strong winde. as for instance it would be, if we that feel the 
respirations of a gentle gale, should not feel the impulse of a perpetual winde 
that beateth upon us with a velocity that runs more than 2529 miles an hour, for 
so much is the space that the centre of the Earth in its annual motion passeth in 
an hour upon the circumference of the grand Orb, as he diligently calculates; and 


because, as he saith, by the judgment of Copernicus, Cum terra movetur 
circumpositus aér, motus tamen ejus, velocior licet ac rapidior celerrimo 
quocunque vento, a nobis non sentiretur, sed summa tum tranquilitas reputaretur, 
nisi alius motus accederet. Quid est vero decipi sensum, nisi haec esset deceptio? 
[Which I make to speak to this sense. | The circumposed air is moved with the 
Earth, yet its motion, although more speedy and rapid than the swiftest wind 
whatsoever, would not be perceived by us, but then would be thought a great 
tranquillity, unlesse some other motion should happen; what then is the 
deception of the sense, if this be not? 


SALV. 


It must needs be that this Philosopher thinketh, that that Earth which Copernicus 
maketh to turn round, together with the ambient air along the circumference of 
the great Orb, is not that whereon we inhabit, but some other separated from this; 
for that this of ours carrieth us also along with it with the same velocity, The air 
alwayes touching us with the same part of it cannot make us feel it. as also the 
circumjacent air: And what beating of the air can we feel, when we fly vvith 
equal speed from that vvhich should accost us? This Gentleman forgot, that vve 
no less than the Earth and air are carried about, and that consequently vve are 
alvvays touch’d by one and the same part of the air, vvhich yet doth not make us 
feel it. 


SIMP. 


But I rather think that he did not so think; hear the vvords vvhich immediatey 
follovv. Praeterea nos quoque rotamur ex circumductione terrae &c. 


SALV. 


Now I can no longer help nor excuse him; do you plead for him and bring him 
off, Simplicius. 


SIMP. 
I cannot thus upon the sudden think of an excuse that pleaseth me. 


SALV. 


Go to; take this whole night to think on it, and defend him to morrow; in the 
mean time let us hear some other of his objections. 


SIMP. 


He prosecuteth the same Objection, shewing, that in the way of Copernicus, He 
that will follow Copernicus, must deny his senses. a man must deny his own 
senses. For that this principle whereby we turn round with the Earth, either is 
intrinsick to us, or external; that is, a rapture of that Earth; and if it be this 
second, we not feeling any such rapture, it must be confessed that the sense of 
feeling, doth not feel its own object touching it, nor its impression on the 
sensible part: but if the principle be intrinsecal, we shall not perceive a local 
motion that is derived from our selves, and we shall never discover a propension 
perpetually annexed to our selves. 


SALV. 


So that the instance of this Philosopher lays its stress upon this, that whether the 
principle by which we move round with the Earth be either extern, or intern, yet 
however we must perceive it, and not perceiving it, it is neither the one nor the 
other, and therefore we move not, nor consequently the Earth. Now I say, Our 
motion may be either or extern , and yet we never perceive or feel it. that it may 
be both ways, and yet we not perceive the same. And that it may be external, the 
experiment of the boat superabundantly satisfieth me; I say, superabundantly, 
because it being in our power at all times to make it move, and also to make it 
stand still, and with great exactness to make observation, whether by some 
diversity that may be comprehended by the sense of feeling, we can come to 
know whether it moveth or no, seeing that as yet no such science is obtained: 
Will it then be any matter of wonder, if the same accident is unknown to us on 
the Earth, the which may have carried us about perpetually, and we, without our 
being ever able to experiment its rest?The motion of a Boat insensible to those 
that are with in it, as to the sense of feeling. You, Simplicius, as I believe, have 
gone by boat many times to Padoua, and if you will confess the truth, you never 
felt in your self the participation of that motion, unless when the boat running a- 
ground, or encountring some obstacle, did stop, and that you with the other 
Passengers being taken on a sudden, were with danger over-set. It would be 
necessary that the Terrestrial Globe should meet with some rub that might arrest 
it, for I assure you, that then you would discern the impulse residing in you, 
when it should toss you up towards the Stars. It’s true, that by the other senses, 


but yet assisted by Reason, The boats motion is perceptible to the sight joyn’d 
with reason. you may perceive the motion of the boat, that is, with the sight, in 
that you see the trees and buildings placed on the shoar, which being separated 
from the boat, seem to move the contrary way. The terrestrial motion collected 
from the stars. But if you would by such an experiment receive intire satisfaction 
in this business of the Terrestrial motion, look on the stars, which upon this 
reason seem to move the contrary way. As to the wondering that we should not 
feel such a principle, supposing it to be internal, is a less reasonable conceit; for 
if we do not feel such a one, that cometh to us from without, and that frequently 
goeth away, with what reason can we expect to feel it, if it immutably and 
continually resides in us? Now let us see what you have farther to allege on this 
argument. 


SIMP. 


Take this short exclamation. Ex hac itaque opinione necesse est diffidere nostris 
sensibus, ut penitùs fallacibus vel stupidis in sensilibus, etiam conjunctissimis, 
dijudicandis. Quam ergo veritatem sperare possumus a facultate adeo fallaci 
ortum trahentem? [Which I render thus: ] From this opinion likewise, we must 
of necessity suspect our own senses, as wholly fallible, or stupid in judging of 
sensible things even very near at hand. What truth therefore can we hope for, to 
be derived from so deceiveable a faculty? 


SALV. 


But I desire not to deduce precepts more profitable, or more certain, learning to 
be more circumspect and less confident about that which at first blush is 
represented to us by the senses, which may easily deceive us. And I would not 
have this Author trouble himself in attempting to make us comprehend by sense, 
that this motion of descending Graves is simply right, and of no other kind; nor 
let him exclaim that a thing so clear, manifest, and obvious should be brought in 
question; for in so doing, he maketh others believe, that he thinketh those that 
deny that motion to be absolutely streight, but rather circular, the stone did 
sensibly see it to move in an arch, seeing that he inviteth their senses more than 
their Reason, to judg of that effect: which is not true, Simplicius, for like as I, 
that am indifferent in all these opinions, and onely in the manner of a Comedian, 
personate Copernicus in these our representations, have never seen, nor thought 
that I have seen that stone fall otherwise than perpendicularly, so I believe, that 
to the eyes of all others it seemed to do the same. Better it is therefore, that 


deposing that appearance in which all agree, we make use of our Reason, either 
to confirm the reality of that, or to discover its fallacy. 


SAGR. 


If I could any time meet with this Philosopher, who yet me thinks is more 
sublime than the rest of the followers of the same doctrines, I would in token of 
my affection put him in mind of an accident which he hath doubtless very often 
beheld; from which, with great conformity to that which we now discourse of, it 
may be collected how easily one may be deceived by the bare appearance, or, if 
you will, representation of the sense. And the accident is, the Moons seeming to 
follow those that walk the streets in the night, with a pace equal to theirs, whilst 
they see it go gliding along the Roofs of houses, upon which it sheweth just like 
a cat, that really running along the ridges of houses, leaveth them behind. An 
appearance that, did not reason interpose, would but too manifestly delude the 
sight. 


SIMP. 


Indeed there want not experiments that render us certain of the fallacy of the 
meer senses; Arguments against the Earths motion taken, ex rerum natura. 
therefore suspending such sensations for the present, let us hear the Arguments 
that follow which are taken, as he saith, ex rerum natura. The first of which is, 
that the Earth cannot of its own nature move with three motions very different; 
or otherwise we must deny many manifest Axioms. Three Axioms that are 
supposed manifest. The first whereof is, that Omnis effectus dependeat ab aliqua 
causa; [i. e. ] that every effect dependeth on some cause. The second, that Nulla 
res seipsam producat; [i. e. ] that nothing produceth it self: from whence it 
follows, that it is not possible that the move and moved should be totally the 
same thing: And this is manifest, not onely in things that are moved by an 
extrinsick mover; but it is gathered also from the principles propounded, that the 
same holdeth true in the natural motion dependent on an intrinsick principle; 
otherwise, being that the mover, as a mover, is the cause, and the thing moved, 
as moved, is the effect, the same thing would totally be both the cause and effect. 
Therefore a body doth not move its whole self, that is, so as that all moveth, and 
all is moved; but its necessary in the thing moved to distinguish in some manner 
the efficient principle of the motion, and that which with that motion is moved. 
The third Axiom is, that in rebus quae sensui subjiciuntur, unum, quatenus 
unum, unam solam rem producat; i. e. That in things subject to the senses, one, 


as it is one, produceth but onely one thing: That is, the soul in animals produceth 
its true divers operations, as the sight, the hearing, the smell, generation, &c. but 
all these with several instruments. And in short, in things sensible, the diversity 
of operations, is observed to derive it self from the diversity that is in the cause. 
A simple body at the Earth, cannot move with three several motions. Now if we 
put all these Axioms together, it will be a thing very manifest, that one simple 
body, as is the Earth, cannot of its own nature move at the same time with three 
motions, very divers: For by the foregoing suppositions, all moveth not its self 
all; it is necessary therefore to distinguish in it three principles of its three 
motions; otherwise one and the same principle would produce many motions; 
but if it contein in it three principles of natural motions, besides the part moved, 
it shall not be a simple body, but compounded of three principle movers, The 
Earth cannot move with any of the motions assigned it by Copernicus. and of the 
part moved. If therefore the Earth be a simple body, it shall not move with three 
motions; nay more, it will not move with any of those which Copernicus 
ascribeth to it, it being to move but with one alone, for that it is manifest, by the 
reasons of Aristotle, that it moveth to its centre, as its parts do shew, which 
descend at right angles to the Earths Spherical Surface. 


SALV. 


Many things might be said, and considered touching the connection of this 
argument; Answers to the arguments contrary to the Earths motion, taken ex 
rerum natura. but in regard that we can resolve it in few words, I will not at this 
time without need inlarge upon it; and so much the rather, because the same 
Author hath furnished me with an answer, when he saith that from one sole 
prinple in animals, there are produced divers operations; so that for the present 
my answer shall be, that in the same manner the Earth from one onely principle 
deriveth several operations. 


SIMP. 


But this answer will not at all satisfie the Author who makes the objection, yea, 
it is totally overthrown by that which immediately after he addeth for a greater 
confirmation of his argument, as you shall hear. He re-inforceth his argument, I 
say, with another Axiome, A fourth Axiome against the motion of the Earth 
which is this; That natura in rebus necessariis nec deficiat, nec abundat: i. e. That 
nature in things necessary is neither defective, nor superfluous. Flexures 
necessary in animals for the diversity of their motions. This is obvious to the 


observers of natural things, and chiefly of animals, in which, because they are to 
move with many motions, Nature hath made many flexures, and hath thereunto 
commodiously knitted the parts for motion, as to the knees, to the hips, for the 
inabling of living creatures to go, and run at their pleasure. Moreover in man he 
hath framed many flexions, and joynts, in the elbow, and hand, to enable them to 
perform many motions. Another argument against the threefold motion of the 
Earth. From these things the argument is taken against the threefold motion of 
the Earth. [Either the Body, that is one, and continuate, without any manner of 
knittings or flexions, can exercise divers motions, or cannot: If it can without 
them, then in vain hath nature framed the flexures in animals; which is contrary 
to the Axiome: but if it cannot without them, then the Earth, one body, and 
continuate, and deprived of flexures, and joynts, cannot of its own nature move 
with plurality of motions. ] You see now how craftily he falls upon your answer, 
as if he had foreseen it. 


SALV. 

Are you serious, or do you jest? 

SIMP. 

I speak it with the best judgment I have. 
SALV. 


You must therefore see that you have as fortunate an hand in defending the reply 
of this Philosopher, against some other rejoynders made to him; therefore answer 
for him, I pray you, seeing we cannot have him here. You first admit it for true, 
that Nature hath made the joynts, flexures, and knuckles of living creatures, to 
the intent that they might move with sundry and divers motions; and I deny this 
proposition; and say, that these flexions are made, that the animal may move 
one, or more of its parts, The Flexures in animals are not made for the diversity 
of motions. the rest remaining immoved: and I say, that as to the species and 
differences of motions those are of one kind alone, to wit, all circular, and for 
this cause you see all the ends of the moveable bones to be convex or concave, 
The motions of animals are of one sort. and of these some are spherical, as are 
those that are to move every way, as in the shoulderjoynt, The ends of the bones 
are all rotund. the arme of the Ensigne doth, in displaying the Colours, and that 
of the Falconer in bringing his Hawk to the lure; and such is the flexure of the 


elbow, upon which the hand turns round, in boring with an augure: others are 
circular onely one way, and as it were cylindrical, which serve for the members 
that bend onely in one fashion, It is demonstrated, that the ends of the bones are 
of necessity to be rotund. as the joynts of the fingers one above another, &c. But 
without more particular inductions, one only general discourse may make this 
truth understood; and this is, that of a solid body that moveth, one of its 
extreams standing still without chanching place, The motions of animals are all 
circular. the motion must needs be circular, and no other: and because in the 
living creatures moving, one of its members doth not separate from the other its 
conterminal, therefore that motion is of necessity circular. 


SIMP. 


How can this be? For I see the animal move with an hundred motions that are 
not circular, and very different from one another, as to run, to skip, to climbe, to 
descend, to swim, and many others. 


SALV. 


Tis well: Secondary motions of animals dependent on the first. but these are 
secondary motions, depending on the preceding motions of the joynts and 
flexures. Upon the plying of the legs to the knees, and the thighs to the hips, 
which are circular motions of the parts, is produced, as consequents, the skip, or 
running, which are motions of the whole body, and these may possibly not be 
circular. Now because one part of the terrestrial Globe is not required to move 
upon another part immoveable, The Terrestriall Globe hath noe need of flexures. 
but that the motion is to be of the whole body, there is no need in it of flexures. 


SIMP. 


This (will the aduersary rejoyn) might be, if the motion were but one alone, but 
they being three, and those very different from each other, it is not possible that 
they should concur in anWithout joynts articulate body. 


SALV. 


I verily believe that this would be the answer of the Philosopher. Against which I 
make opposition another way; and ask you, whether you think that by way of 
joynts and flexures one may adapt the terrestrial Globe to the participation of 
three different circular motions? Do you not answer me? Seeing you are 
speechlesse, I will undertake to answer for the Philosopher, who would 
absolutely reply that they might; for that otherwise it would have been 
superfluous, and besides the purpose to have proposed to consideration, that 
nature maketh the flexions, to the end, the moveable may move with different 
motions; and that therefore the terrestrial Globe having no flexures, it cannot 
have those three motions which are ascribed to it. For if he had thought, that 
neither by help of flexures, it could be rendered apt for such motions, he would 
have freely affirmed, that the Globe could not move with three motions. Now 
granting this, I intreat you, It is desired to know, by means of what flexures and 
joynts the Terrestrial Globe might move with three diverse motions. and by you, 
if it were possible, that Philosopher, Author of the Argument, to be so courteous 
as to teach me in what manner those flexures should be accommodated, so that 
those three motions might commodiously be excercised; and I grant you four or 
six moneths time to think of an answer. As to me, it seemeth that one principle 
onely may cause a plurality of motions in the Terrestrial Globe, One only 
principle may cause a plurality of motions in the Earth. just in the same manner 
that, as I told you before, one onely principle with the help of various 
instruments produceth sundry and divers motions in living creatures. And as to 
the flexures there is no need of them, the motions being of the whole, and not of 
some particular parts; and because they are to be circular, the meer spherical 
figure is the most perfect articulation or flection that can be desired. 


SIMP. 


The most that ought to be granted upon this, would be, that it may hold true in 
one single motion, but in three different motions, in my opinion, and that of the 
Author, it is impossible; as he going on, prosecuting the objection, writes in the 
following words. Let us suppose, with Copernicus, that the Earth moveth of its 
own faculty, and upon an intrinsick principle from West to East in the plane of 
the Ecliptick; and again, that it also by an intrinsick principle revolveth about its 
centre, from East to West; and for a third motion, that it of its own inclination 
deflecteth from North to South, and so back again. It being a continuate body, 
and not knit together with joints and flections, our fancy and our judgment will 
never be able to comprehend, that one and the same natural and indistinct 
principle, that is, that one and the same propension, should actuate it at the same 


instant with different, and as it were of contrary motions. I cannot believe that 
any one would say such a thing, unlesse he had undertook to maintain this 
position right or wrong. 


SALV. 


Stay a little; and find me out this place in the Book. Fingamus modo cum 
Copernico, terram aliqua suâ vi, & ab indito principio impelli ab Occasu ad 
Ortum in Eclipticae plano; tum rursus revolvi ab indito etiam principio, circa 
suimet centrum, ab Ortu in Occasum; A grosse error of the opposer of 
Copernicus. tertio deflecti rursus suopte nutu à septentrione in Austrum, & 
vicissim. I had thought, Simplicius, that you might have erred in reciting the 
words of the Author, but now I see that he, and that very grossely, deceiveth 
himself; and to my grief, I find that he hath set himself to oppose a position, 
which he hath not well understood; for these are not the motions which 
Copernicus assignes to the Earth. Where doth he find that Copernicus maketh 
the annual motion by the Ecliptick contrary to the motion about its own centre? 
It must needs be that he never read his Book, which in an hundred places, and in 
the very first Chapters affirmeth those motions to be both towards the same 
parts, that is from West to East. But without others telling him, ought he not of 
himself to comprehend, that attributing to the Earth the motions that are taken, 
one of them from the Sun, and the other from the primum mobile, they must of 
necessity both move one and the same way. 


SIMP. 


Take heed that you do not erre your self, A subtil and withal simple argument 
against Copernicus. and Copernicus also. The Diurnal motion of the primum 
mobile, is it not from East to West? And the annual motion of the Sun through 
the Ecliptick, is it not on the contrary from West to East? How then can you 
make these motions being conferred on the Earth, of contraries to become 
consistents? 


SAGR. 


Certainly, Simplicius hath discovered to us the original cause of error of this 
Philosopher; and in all probability he would have said the very same. 


SALV. 


Now if it be in our power, let us at least recover Simplicius from this errour, who 
seeing the Stars in their rising to appear above the Oriental Horizon, will make it 
no difficult thing to understand, that in case that motion should not belong to the 
Stars, it would be necessary to confesse, that the Horizon, with a contrary motion 
would go down; and that consequently the Earth would reoolve in it self a 
contrary way to that wherewith the Stars seem to move, that is from West to 
East, which is according to the order of the Signes of the Zodiack. As, in the 
next place, to the other motion, the Sun being fixed in the centre of the Zodiack, 
and the Earth moveable about its circumference, to make the Sun seem unto us 
to move about the said Zodiack, according to the order of the Signes, it is 
necessary, that the Earth move according to the same order, to the end that the 
Sun may seem to us to possesse alwayes that degree in the Zodiack, that is 
opposite to the degree in which we find the Earth; and thus the Earth running, 
verbi gratia, through Aries, the Sun will appear to run thorow Libra; and the 
Earth passing thorow the signe Taurus, the Sun will passe thorow Scorpio, and 
so the Earth going thorow Gemini, the Sun seemeth to go thorow Sagittarius; but 
this is moving both the same way, that is according to the order of the signes; as 
also was the revolution of the Earth about its own centre. 


SIMP. 


I understand you very well, and know not what to alledge in excuse of so grosse 
an error. 


SALV. 


And yet, Simplicius, there is one yet worse then this; and it is, that he makes the 
Earth move by the diurnal motion about its own centre from East to West; and 
perceives not that if this were so, the motion of twenty four hours appropriated 
by him to the Universe, would, in our seeming, proceed from West to East; the 
quite contrary to that which we behold. 


SIMP. 


Oh strange! Why I, that have scarce seen the first elements of the Sphere, would 
not, I am confident, have erred so horribly. 


SALV. 


Judg now what pains this Antagonist may be thought to have taken in the Books 
of Copernicus, By another error it is seen that the Autagonist had but little 
studied Copernicus. if he absolutely invert the sense of this grand and principal 
Hypothesis, upon which is founded the whole summe of those things wherein 
Copernicus 


SAGR. 


I have twice or thrice observed in the discourses of this Authour, that to prove 
that a thing is so, or so, he still alledgeth, that in that manner it is conformable 
with our understanding; or that otherwise we should never be able to conceive of 
it; or that the Criterium of Philosophy would be overthrown. Never first of 
them. As if that nature had first made mens brains, and then disposed all things 
in conformity to the capacity of their intellects. But I incline rather to think that 
Nature first made the things themselves, as she best liked, and afterwards framed 
the reason of men capable of conceiving (though not without great pains) some 
part of her secrets. 


SALV. 


I am of the same opinion. But tell me, Simplicius, which are these different 
natures, to which, contrary to experience and reason, Copernicus assignes the 
same motions and operations. 


SIMP. 


They are these. The Water, the Air, (which doubtlesse are Natures different from 
the Earth) and all things that are in those elements comprised, shall each of them 
have those three motions, which Copernicus pretends to be in the Terrestriall 
Globe; Copernicus erroneously assigneth the same operations to different 
natures and my Authour proceedeth to demonstrate Geometrically, that, 
according to the Copernican Doctrine, a cloud that is suspended in the Air, and 
that hangeth a long time over our heads without changing place, must of 
necessity have all those three motions that belong to the Terrestrial Globe. The 
demonstration is this, which you may read your self, for I cannot repeat it 
without book. 


SALV. 


I shall not stand reading of it, nay I think it an impertinency in him to have 
inserted it, for I am certain, that no Copernican will deny the same. Therefore 
admitting him what he would demonstrate, let us speak to the objection, which 
in my judgment hath no great strength to conclude any thing contrary to the 
Copernican Hypothesis, seeing that it derogates nothing from those motions, and 
those operations, whereby we come to the knowledge of the natures, &c. Answer 
me, I pray you, Simplicius: Those accidents wherein some things exactly concur, 
can they serve to inform us of the different natures of those things? 


SIMP. 


No Sir: From commune accidents one cannot know different natures. nay rather 
the contrary, for from the idendity of operations and of accidents nothing can be 
inferred, but an idendity of natures. 


SALV. 


So that the different natures of the Water, Earth, Air, and other things conteined 
in these Elements, is not by you argued from those operations, wherein all these 
Elements and their affixes agree, but from other operations; is it so? 


SIMP. 
The very same. 
SALV. 


So that he who should leave in the Elements all those motions, operations, and 
other accidents, by which their natures are distinguished, would not deprive us of 
the power of coming to the knowledge of them; although he should remove 
those operations, in which they unitedly concur, and which for that reason are of 
no use for the distinguishing of those natures. 


SIMP. 
I think your dissertation to be very good. 


SALV. 


But that the Earth, Water, Air, are of a nature equally constituted immoveable 
about the centre, is it not the opinion of your self, Aristotle, Prolomy, and all 
their sectators? 


SIMP. 
Its on all hands granted as an undeniable truth. 
SALV. 


Then from this common natural condition of quiescence about the centre, there 
is no argument drawn of the different natures of these Elements, and things 
elementary, but that knowledge must be collected from other qualities not 
common; and therefore whoso should deprive the Elements of this common rest 
only, and should leave unto them all their other operations, would not in the least 
block up the way that leadeth to the knowledge of their essences. But Copernicus 
depriveth them onely of this common rest, and changeth the same into a 
common motion, leaving them gravity, levity, the motions upwards, downwards, 
slower, The concurrence of the Elements in a common motion importeth no 
more or lesse, than their concurrence in a common rest. faster, rarity, density, the 
qualities of hot, cold, dry, moist, and in a word, all things besides. Therefore 
such an absurdity, as this Authour imagineth to himself, is no Copernican 
position; nor doth the concurrence in an identity of motion import any more or 
less, than the concurrence in an identity of rest about the diversifying, or not 
diversifying of natures. Now tell us, if there be any argument to the contrary. 


SIMP. 


There followeth a fourth objection, taken from a natural observation, which is, A 
fourth argument against Copernicus. That bodies of the same kind, have motions 
that agree in kinde, or else they agree in rest. But by the Copernican Hypothesis, 
Bodies of the same kinde have motions that agree in kinde. bodies that agree in 
kinde, and are most semblable to one another, would be very discrepant, yea 
diametrically repugnant as to motion; for that Stars so like to one another, would 
be neverthelesse so unlike in motion, as that six Planets would perpetually turn 
round; but the Sun and all the fixeed Stars would stand perpetually immoveable. 


SALV. 


The forme of the argument appeareth good; but yet I believe that the application 
or matter is defective: and if the Authour will but persist in his assumption, the 
consequence shall make directly against him. The Argument runs thus; Amongst 
mundane bodies, From the Earths obscurity, and the splendour of the Sun, and 
fixed Stars, is argued, that it is moveable, and they immoveable. six there are 
that do perpetually move, and they are the six Planets; of the rest, that is, of the 
Earth, Sun, and fixed Stars, it is disputable which of them moveth, and which 
stands still, it being necessary, that if the Earth stand still, the Sun and fixed 
Stars do move; and it being also possible, that the Sun and fixed Stars may stand 
immoveable, in case the Earth should move: the matter of fact in dispute is, to 
which of them we may with most convenience ascribe motion, and to which rest. 
Natural reason dictates, that motion ought to be assigned to the bodies, which in 
kind and essence most agree with those bodies which do undoubtedly move, and 
rest to those which most dissent from them; and in regard that an eternal rest and 
perpetual motion are most different, it is manifest, that the nature of the body 
always moveable ought to be most different from the body alwayes stable. 
Therefore, in regard that we are dubious of motion and rest, let us enquire, 
whether by the help of some other eminent affection, we may discover, which 
most agreeth with the bodies certainly moveable, either the Earth, or the Sun and 
fixed Stars. But see how Nature, in favour of our necessity and desire, presents 
us with two eminent qualities, and no less different than motion and rest, and 
they are light and darkness, to wit, the being by nature most bright, and the being 
obscure, and wholly deprived of light: the bodies therefore adorned with an 
internal and eternal splendour, are most different in essence from those deprived 
of light: The Earth is deprived of light, the Sun is most splendid in it self, and so 
are the fixed Stars. The six Planets do absolutely want light, as the Earth; 
therefore their essence agreeth with the Earth, and differeth from the Sun and 
fixed Stars. Therefore is the Earth moveable, immoveable the Sunne and Starry 
Sphere. 


SIMP. 


But the Authour will not grant, that the six Planets are tenebrose, and by that 
negative will he abide. Or he will argue the great conformity of nature between 
the six Planets, and the Sun, and Fixed Stars; and the disparity between them and 
the Earth from other conditions than from tenebrosity and light; yea, now I 
remember in the fifth objection, which followeth, he layeth down the vast 
difference between the Earth and the Coelestial Bodies, A fifth argument against 
Copernicus. in which he writeth, That the Copernican Hypothesis would make 


great confusion and perturbation in the Systeme of the Vniverse, and amongst its 
parts: As for instance, amongst Coebodies that are immutable and incorruptible, 
Another difference between the Earth and the Coelestial bodies, taken from 
purity & impurity. according to Aristotle, Tycho, and others; amongst bodies, I 
say, of such nobility, by the confession of every one, and Copernicus himself, 
who affirmeth them to be ordinate, and disposed in a perfect constitution, and 
removeth from them all inconstancy of vertue amongst, these bodies, I say once 
more, so pure, that is to say, amongst Venus, Mars, &c. to place the very sink of 
all corruptible matters, to wit, the Earth, Water, Air, and all mixt bodies. 


But how much properer a distribution, and more with nature, yea with God 
himself, the Architect, is it, to sequester the pure from the impute, the mortal 
from the immortal, as other Schools teach; which tell us that these impure and 
frail matters are contained within the angust concave of the Lunar Orb, above 
which with uninterrupted Series the things Celestial distend themselves. 


SALV. 


It’s true that the Copernican Systeme introduceth distraction in the universe of 
Aristotle; Copernicus introduceth confusion in the Universe of Aristotle. but we 
speak of our own Universe, that is true and real. Again if this Author will infer 
the disparity of essence between the Earth and Celestial bodies from the 
incorruptibility of them, and the corruptibility of it in the method of Aristotle, 
from which disparity he concludeth motion to belong to the Sun and fixed Stars, 
and the immobility of the Earth, The Paralogisme of the Author of Anti-Tycho. 
he will flatter himself with a Paralogisme, supposing that which is in question; 
for Aristotle inferreth the incorruptibility of Celestial bodies from motion, which 
is in dispute, whether it belongeth to them or to the Earth. Of the vanity of these 
Rhetorical Illations enough hath been spoken. It seemeth a folly to affirm the 
Earth to be without the Heavens. And what can be more fond, than to say, that 
the Earth and Elements are banished and sequestred from the Celestial Spheres, 
and confined within the Lunar Orb? Is, not then the Moons Orb one of the 
Celestial Spheres, and according to consent comprised in the middle of all the 
rest? Its a new way to separate the pure from the impure, and the sick from the 
sound, to assigne the infected quarters in the heart of the City: I had thought that 
theLazeretto. Pest-house ought to have been removed as far off as was possible. 
Copernicus admireth the disposition of the parts of the Universe, for that God 
hath constituted the grand Lamp, which is to give light all over his Temple in the 
centre of it, and not on one side. And as to the Earths being betwixt Venus and 


Mars, we will but hint the same; and do you, in favour of this Author, trie to 
remove it thence. But let us notIntrecciare, to twine flowers in a garland. mix 
these Rhetorical Flowers with solid Demonstrations, rather let us leave them to 
the Orators, or if you will to the Poets, who know how in their drolling way to 
exalt by their prayses things most sordid, yea and sometimes most pernicious. 
And if any thing else remain, let us dispatch it, as we have done the rest. 


SIMP. 


There is the sixth and last argument; A sixth argument against Copernicus, taken 
from animals, who have need of rest" though their motion be natural. wherein he 
maketh it a very improbale thing. [That a corruptible and dissipable body should 
move with a perpetual and regular motion; and this be confirmeth with the 
example of living creatures, which moving with a motion natural to them, yet 
grow weary, and have need of repose to restore their strength. ] But what hath 
this motion to do with that of the Earth, that in comparision to theirs is immense? 
Besides, to make it move with three motions that run and draw several wayes: 
Who would ever assert such Paradoxes, unlesse he had sworn to be their 
defender? Nor doth that avail in this case, which Copernicus alledgeth, that by 
reason this motion is natural to the Earth and not violent, it worketh contrary 
effects to violent motions; and that those things dissolve and cannot long subsist, 
to which impulse is conferred, but those so made by nature do continue in their 
perfect disposure; this answer sufficeth not, I say, for it is overthrown by that of 
ours. For the animal is a natural body, and not made by art, and its motion is 
natural, deriving it self from the soul, that is, from an intrinsick principle; and 
that motion is violent, whose beginning is without, and on which the thing 
moved conferreth nothing; however, if the animal continueth its motion any long 
time, it grows weary, and also dyeth, if it obstinately strive to persist therein. 
You see then that in nature we meet on all sides with notions contrary to the 
Copernican Hypothesis, and none in favour of it. And for that I have nothing 
more wherein to take the part of this Opponent, hear what he produceth against 
Keplerus (with whom he disputeth) upon that argument, which the said Kepler 
bringeth against those who think it an inconvenient, nay impossible thing, to 
augment the Starry Sphere immensely, as the Copernican Hypothesis requireth. 
Kepler therefore instanceth, saying: Difficilius est, An argument from Kepler in 
favour of Copernicus. accidens praeter modulum subjecti intendere, quam 
subjectum sine accidente augere. Copernicus ergo verisimilius facit, qui auget 
Orbem Stellarum fixarum absque motu, quam Ptolomaeus, qui anget motum 
fixarum immensa velocitate. [Which makes this English. ] Its harder to stretch 


the accident beyond the model of the subject than to augment the subject without 
the accident. Copernicus hath more probability on his side, who encreaseth the 
Orb of the fixed Stars without motion, than Ptolomy who augmenteth the motion 
of the fixed Stars to an immense degree of velocity. Which objection the Author 
answereth, The Author of the Anti-Tycho opposeth Kepler. wondering how 
much Kepler deceived himself, in saying, that in the Ptolomaick Hypothesis the 
motion encreaseth beyond the model of the subject, for in his judgment it doth 
not encrease, save onely in conformity to the model, and that according to its 
encreasement, the velocity of the motion is augmented. The velocity of the 
circular motion increaseth, according to the encrease of the diameter of the 
circle. Which he proveth by supposing a machine to be framed, that maketh one 
revolution in twenty four hours, which motion shall be called most slow; 
afterwards supposing its semidiameter to be prolonged, as far as to the distance 
of the Sun, its extreme will equal the velocity of the Sun; and it being continued 
out unto the Starry Sphere, it will equal the velocity of the fixed Stars, though in 
the circumference of the machine it be very slow. Now applying this 
consideration of the machine to the Starry Sphere, let us imagine any point in its 
semidiameter, as neer to the centre as is the semidiameter of the machine; the 
same motion that in the Starry Sphere is exceeding swift, shall in that point be 
exceeding slow; But the great magnitude of the body is that which maketh it of 
exceeding slow, to become exceeding swift, although it continueth still the same, 
and thus the velocity encreaseth, not beyond the model of the subject, but rather 
according to it, and to its magnitude; very differently from the imagination of 
Kepler. 


SALV. 


I do not believe that this Author hath entertained so mean and poor a conceit of 
Kepler, as to perswade himself that he did not understand, that the highest term 
of a line drawn from the centre unto the Starry Sphere, moveth more swiftly than 
a point of the same line taken within a yard or two of the centre. And therefore 
of necessity he must have conceived and comprehended that the mind and 
intention of Kepler was to have said, An explanation of the true sense of Kepler 
and his fence. that it is lesse inconvenient to encrease an immoveable body to an 
extraordinary magnitude, than to ascribe an extraordinary velocity to a body, 
though very bigge, having regard to the model, that is to the gauge, and to the 
example of other natural bodies; in which we see, that the distance from the 
centre encreasing, the velocity diminisheth; that is, that the periods of their 
circulations take up longer times. The greatnesse and smalnesse of the body 


make a differeuce in motion and not in rest. But in rest which is not capable of 
augmentation or diminution, the grandure or smalnesse of the body maketh no 
difference. So that if the answer of the Author would be directed against the 
argument of Kepler, it is necessary, that that Author doth hold, that to the 
movent principle its one and the same to move in the same time a body very 
small, or very immense, in regard that the augmentation of velocity inseparably 
attends the augmentation of the masse. The order of nature is to make the lesser 
Orbs to circulate in shorter times, and the bigger in longer times. But this again 
is contrary to the Architectonical rule of nature, which doth in the lesser Spheres, 
as we see in the Planets, and most sensibly in the Medicean Stars, observe to 
make the lesser Orbs to circulate in shorter times: Whence the time of Saturns 
revolution is longer than all the times of the other lesser Spheres, it being thirty 
years; now the passing from this to a Sphere very much bigger, and to make it 
move in 24. hours, may very well be said to exceed the rules of the model. So 
that if we would but attentively consider it, the Authors answer opposeth not the 
intent and sense of the argument, but the expressing and manner of delivering of 
it; where again the Author is injurious, and cannot deny but that he artificially 
dissembled his understanding of the words, that he might charge Kepler with 
grosse ignorance; but the imposture was so very dull and obvions, that he could 
not with all his craft alter the opinion which Kepler hath begot of his Doctrine in 
the minds of all the Learned. As in the next place, to the instance against the 
perpetual motion of the Earth, taken from the impossibility of its moving long 
without wearinesse, in regard that living creatures themselves, which yet move 
naturally, and from an intern principle, do grow weary, and have need of rest to 
relax and refresh their members — 


SAGR. 


Methinks I hear Kepler answer him to that, that there are some kinde of animals 
which refresh themselves after wearinesse, by rowling on the Earth; and that 
therefore there is no need to fear that the Terrestrial Globe should tire, The 
feigned answer of Kepler covered with an artificial Irony. nay it may be 
reasonably affirmed, that it enjoyeth a perpetual & most tranquil repose, keeping 
it self in an eternal rowling. 


SALV. 


You are too tart and Satyrical, Sagredus: but let us lay aside jests, whilst we are 
treating of serious things. 


SAGR. 


Excuse me, Salviatus, this that I say is not so absolutely besides the business, as 
you perhaps make it; for a motion that serveth instead of rest, and removeth 
weariness from a body tired with travail, may much more easily serve to prevent 
the coming of that weariness, Animals would not grow weary of their motion, 
proceeding as that which is assigned to the terrestrial Globe. like as preventive 
remedies are more easie than curative. And I hold for certain, that if the motion 
of animals should proceed in the same manner as this that is ascribed to the 
Earth, they would never grow weary; Seeing that the weariness of the living 
creature, deriveth it self, in my opinion, from the imployment of but one part 
alone in the moving of its self, The cause of the wearinesse of animals. and all 
the rest of the body; as v. g. in walking, the thighs and the legs onely are 
imployed for carrying themselves and all the rest: on the contrary, you see the 
motion of the heart to be as it were indefatigable, because it moveth it self alone. 
Besides, I know not how true it may be, The motion of an animal is rather to be 
called violent than natural. that the motion of the animal is natural, and not rather 
violent: nay, I believe that one may truly say, that the soul naturally moveth the 
members of an animal with a motion preternatural, for if the motion upwards is 
preternatural to grave bodies, the lifting up of the legs, and the thighs, which are 
grave bodies, in walking, cannot be done without violence, and therefore not 
without labour to the mover. The climbing upwards by a ladder carrieth the 
grave body contrary to its natural inclination upwards, from whence followeth 
weariness, by reason of the bodies natural aversness to that motion: but in 
moving a moveable with a motion, to which it hath no aversion, what lassitude, 
The strength diminisheth not, where it is not imployed. what diminution of 
vertue and strength need we fear in the mover? and how should the forces waste, 
where they are not at all imployed? 


SIMP. 


They are the contrary motions wherewith the Earth is pretended to move, against 
which the Authour produceth his argument. 


SAGR. 


It hath been said already, that they are no wise contraries, and that herein the 
Authour is extteamly deceived, so that the whole strength of the argument 
recoileth upon the Opponent himself, The argument of Chramontius, upon 


himself. whilst he will make the First Mover to hurry along with it all the 
inferiour Spheres, contrary to the motion which they themselves at the same time 
exercise. It belongs therefore to the Primum Mobile to grow weary, which 
besides the moving of its self is made to carry so many other Spheres, and which 
also strive against it with a contrary motion. So that the ultimate conclusion that 
the Authour inferred, saying, that discoursing of the effects of Nature, a man 
alwayes meets with things that favour the opinion of Aristotle and Ptolomy, and 
never any one that doth not interfer with Copernicus, stands in need of great 
consideration; and it is better to say, that one of these two Hypotheses being true, 
and the other necessarily false, it is impossible that a man should ever be able to 
finde any argument, experience, or right reason, in favour of that which is false, 
True Propositions meet with many conclusive arguments, so do not the false. 
like as to the truth none of these things can be repugnant. Vast difference, 
therefore, must needs be found between the reasons and arguments produced by 
the one and other party, for and against these two opinions, the force of which I 
leave you your self to judge of, Simplicius. 


SALV. 


But you, Sagredus, being transported by the velocity of your wit, have taken my 
words out of my mouth, whilst I was about to say something, touching this last 
argument of the Author; and although you have more then sufficiently refuted 
him, yet neverthelesse I will adde somewhat, which then ran in my minde. He 
proposeth it as a thing very unlikely, that a body dissipable and corruptible, as 
the Earth, should perpetually move with a regular motion, especially for that we 
see living creatures in the end to grow weary, and to stand in need of rest: and 
the improbability is increased, in that the said motion is required to be of 
velocity incomparable and immense, in respect to that of animals. Now, I cannot 
see why the velocity of the Earth should, at present, trouble it; so long as that of 
the starry Sphere so very much bigger doth not occasion in it any disturbance 
more considerable, than that which the velocity of a machine, that in 24 hours 
maketh but one sole revolution, produceth in the same. If the being of the 
velocity of the Earths conversion, according to the model of that machine, 
inferreth things of no greater moment than that, let the Author cease to fear the 
Earths growing weary; for that not one of the most feeble and slow-pac’t 
animals, no not a Chamaeleon would tire in moving no more thanCinque se 
braccia Fiorentini. four or five yards in 24 hours; but if he please to consider the 
velocity to be no longer, Weariness more to be feared in the starry Sphere than in 
the terrestriall Globe. in relation to the model of the machine, but absolutely, and 


inasmuch as the moveable in 24 hours is to pass a very great space, he ought to 
shew himself so much more reserved in granting it to the starry Sphere, which 
with a velocity incomparably greater than that of the Earth is to carry along with 
it a thousand bodies, each much bigger than the Terrestrial Globe. 


Here it remains for us to see the proofs, whereby the Authour concludes the new 
stars Anno 1572. and Anno 1604. to be sublunary, and not coelestial, as the 
Astronomers of those times were generally perswaded; an enterprize very great 
certainly; but I have considered, that it will be better, in regard the Book is new 
and long, by reason of its many calculations, that between this evening and to 
morrow morning I make them as plain as I can, and so meeting you again to 
morrow to continue our wonted conferences, give you a brief of what I shall 
observe therein; and if we have time left, we will say something of the Annual 
motion ascribed to the Earth. In the mean time, if either of you, and Simplicius 
in particular, hath any thing to say more, touching what relates to the Diurnal 
motion, at large examined by me, we have a little time still left to treat thereof. 


SIMP. 


I have no more to say, unlesse it be this, that the discourses that this day have 
falne under our debate, have appeared to me fraught with very acute and 
ingenious notions, alledged on Copernicus his side, in confirmation of the 
motion of the Earth, but yet I find not my self perswaded to believe it; for in 
short, the things that have been said conclude no more but this, that the reasons 
for the stability of the Earth are not necessary; but all the while no demonstration 
hath been produced on the other side, that doth necessarily convince and prove 
its mobility. 


SALV. 


I never undertook, Simplicius, to remove you from that your opinion; much less 
dare I presume to determine definitively in this controversie: it onely was, and 
still shall be in the ensuing disputations my intent, to make it appear to you, that 
those who have thought that most swift motion of 24 hours doth belong to the 
Earth alone, and not to the Universe, the Earth onely excluded, were not induced 
to believe, that so it might and ought to do out of any blind perswasion; but that 
they did very well see, try, and examine the reasons on the contrary side, and 
also not slightly answer them. With the same intention, if it stand with your 
liking, and that of Sagredus, we may passe to the consideration of that other 


motion; first, by Aristarchus Samius, and afterwards by Nicholaus Copernicus 
ascribed to the said Terrestrial Globe, which is, as, I believe, you have heretofore 
heard, made under the Zodiack within the space of a year about the Sun, 
immoveably placed in the centre of the said Zodiack. 


SIMP. 


The disquisition is so great, and so noble, that I shall gladly hearken to the 
discussion thereof, perswading my self that I shall hear what ever can be said of 
that matter. And I will afterwards by my self, according to my usual custome, 
make more deliberate reflexions upon what hath been, and is to be spoken; and if 
I should gain no more but this, it will be no small benefit that I shall be able to 
discourse more Logically. 


SAGR. 


Therefore, that we may no further weary Salviatus, we will put a period to the 
disputations of this day, and reassume our conference to morrow in the usual 
manner, with hope to hear very pleasing novelties. 


SIMP. 
I will leave with you the Book De stellis novis, and carry back this of the 
Conclusions, to see what is written therein against the Annual motion, which are 


to be the arguments of our discourse to morrow. 


Place this Plate at the end of the Second Dialogue. 


THE THIRD DIALOGUE. 


INTERLOCVTORS. SALVIATUS, SAGREDUS, and SIMPLICIUS. 
SAGR. 


THE great desire wherewith I have expected your coming, that I might hear the 
novel conceits touching the annual conversion of this our Globe, hath made me 
think the houres of the last night, and those of this morning very tedious, 
although I spent them not idly, but lying awake I imployed a good part thereof in 
ruminating upon our yesterdayes discourses, weighing the reasons alledged by 
both parties, in favour of the two contrary Hypotheses, that of Aristotle and 
Ptolomy, and this of Aristarchus, and Copernicus. And really methinks, that 
which ever of these parties have been deceived, they are worthy of excuse, so 
specious and valid in appearance are the reasons that may have perswaded them 
either way; though neverthelesse we do for the most part close with those 
produced by the grave Authours first above mentioned. But albeit that the 
Peripatetick Hypothesis, by reason of its antiquity, hath had many followers and 
fautors, and the other very few; first, for its obscurity, and next, for its novelty, 
yet methinks I discover amongst those many, and particularly amongst the 
modernes some, who for the support of the opinion by them esteemed true, have 
introduced other reasons sufficiently childish, I could say ridiculous. 


SALV. 


I have met with the like, and so much worse than yours, Some in arguing first fix 
in their minds the conclusion beleeved by them, and then adapt their reasons to 
that. that I blush to rehearse them, not so much to spare the fame of their 
Authours, the names of whom might be perpetually concealed, as because I am 
ashamed so much to stain the honour of mankinde. In observing of these men, I 
have found that some there are who preposterously reasoning, first stablish the 
conclusion in their fancy, and (either because it is their own, or else belongs to a 
person whom they much confide in) so firmly imprint it in their opinions, that it 
is altogether impossible ever wholly to efface it: and those reasons which they 
themselves stumble upon, or which they hear others to alledge in confirmation of 
the conceit entertained, though never so simple and insipid, instantly find credit 
and applause with them: but on the contrary, those which are brought against 
their opinion, though ingenuous and concluding, they receive not only with 
nauseating, but with disdain and bitter indignation, yea, you shall have one of 


these so inraged, as that he will not be backward to try all wayes to suppress and 
silence their adversaries: and of this I my self have had some experience. 


SAGR. 


Indeed these men deduce not the conclusion from the premises, nor confirme 
them with reasons, but accomodate, or to say better, discommodate and distort 
the premises and arguments to make them speak in favour of their pre-assumed 
and pertinacious conclusions. It is not good therefore to contract familiarity with 
these men; and the rather, for that their conversation is not only unpleasant, but 
also dangerous. Yet let us continue our conference with Simplicius however, 
whom I have known this long while for a man of great ingenuity; and altogether 
void of malice: besides he is well verst in the Peripatetick Doctrine; so that I 
may assure my self, that what shall not fall within the reach of his reason for the 
support of the Aristotelian Hypothesis, will not easily be found out by others. 
But see yonder he comes, quite out of winde, whose company we have so long 
desired: we were just now speaking against the small hast you made to come to 
us. 


SIMP. 


You must not blame me, but Neptune, for this my long stay; which in the ebbe 
of this mornings tide hath in a manner drain’d away the waters, for the Gondola 
that brought me, being entered not far from hence into a certain Channel, 
wanting depth, where I was stranded, and forced to stay there more than a full 
hour, in expecting the return of the tide: and there waiting in this manner, 
without being able to get out of the boat, which on a sudden ran a ground, The 
motion of the water in ebbing and flowing not interrupted by rest. I observed a 
certain accident, which to me seemed very strange; and it was this, that in the 
waters ebbing I saw it retreat very fast by several small rivolets, the ouze being 
in many places discovered, and whilst I stood looking upon this effect, I saw this 
motion in an instant to cease, and without a minutes interval the same water to 
begin to return back again, and the tide from ebbing to become young flood, 
without standing still a moment: an effect that as long as I have dwelt in Venice, 
I never took notice of before. 


SAGR. 


It is very much, that you should be left thus on ground, amongst small Channels; 
in which rivolets, as having very little declivity, the rising or falling of the main 
sea, the thickness onely of a paper is sufficient to make the water to ebbe and 
flow for good long spaces of time: like as in some creeks of the Sea, its flowing 
four or sixPertiche venetiani. yards onely, maketh the water to overflow the 
adjacent Marshes for some hundreds and thousands ofPertiche venetiani. acres. 


SIMP. 


This I know very well, but I should have thought, that between the ultimate 
terme of ebbing, and the first beginnng to flow, there should have interposed 
some considerable interval of rest. 


SAGR. 


This will appear unto you, if you cast your eye upon the bank or piles, where 
these mutations are made perpendicularly, but not that there is any real time of 
cessation. 


SIMP. 


I did think, that because these two motions were contrary, there ought to be in 
the midst between them some kind of rest; conformable to the Doctrine of 
Aristotle, which demonstrates that in puncto regressus mediat quies. 


SAGR. 


I very well remember this place: but I bear in minde also, that when I read 
Philosophy, I was not thorowly satisfied with Aristotles demonstration; but that I 
had many experiments on the contrary, which I could still rehearse unto you, but 
I am unwilling to sally out into any other digressions, we being met here to 
discourse of the proposed mattes, if it be possible, without these excursions 
wherewith we have interrupted our disputes in those dayes that are past. 


SIMP. 


And yet we may with convenience, if not-interrupt them, at least prolong them 
very much, for returning yesterday home, I set my self to read the Tractate of 
Conclusions, where I find Demonstrations against this annual motion ascribed to 


the Earth, very solid; and because I would not trust my memory with the 
punctual relation of them, I have brought back the Book along with me. 


SAGR. 


You have done very well; but if we would re-assume our Disputations according 
to yesterdayes appointment, it is requisite that we first hear what account 
Salviatus hath to give us of the Book, De stellis novis, and then without 
interruption we may proceed to the Annual motion. Now what say you, Salviatus 
touching those stars? Are they really pull’d down from Heaven to these lower 
regions, by vertue of that Authours calculations, whom Simplicius mentioneth? 


SALV. 


I set my self last night to peruse his proceedings, and I have this morning had 
another view of him, to see whether that which he seemed over night to affirm, 
were really his sense, or my dreams and phantastical nocturnal imaginations; and 
in the close found to my great grief that those things were really written and 
printed, which for the reputation-sake of this Philosopher I was unwilling to 
believe. It is in my judgment impossible, but that he should perceive the vanity 
of his undertaking, aswell because it is too apert, as because I remember, that I 
have heard him mentioned with applause by the Academick our Friend: it 
seemeth to me also to be a thing very unlikely, that in complacency to others, he 
should be induced to set so low a value upon his reputation, as to give consent to 
the publication of a work, for which he could expect no other than the censure of 
the Learned. 


SAGR. 


Yea, but you know, that those will be much fewer than one for an hundred, 
compared to those that shall celebrate and extoll him above the greatest wits that 
are, or ever have been in the world: He is one that hath mentioned the 
Peripatetick inalterability of Heaven against a troop of Astronomers, and that to 
their greater disgrace hath foiled them at their own weapons: and what do you 
think four or five in a Countrey that discern his triflings, can do against the 
innumerable multitude, that, not being able to discover or comprehend them, 
suffer themselves to be taken with words, and so much more applaud him, by 
how much the lesse they understand him? You may adde also, that those few 
who understand, scorn to give an answer to papers so trivial and unconcludent; 


and that upon very good reasons, because to the intelligent there is no need 
thereof, and to those that do not understand, it is but labour lost. 


SALV. 


The most deserved punishment of their demerits would certainly be silence, if 
there were not other reasons, for which it is haply no lesse than necessary to 
resent their timerity: one of which is, that we Italians thereby incur the censure 
of Illiterates, and attract the laughter of Forreigners; and especially to such who 
are separated from our Religion; and I could shew you many of those of no small 
eminency, who scoff at our Academick, and the many Mathematicians that are in 
Italic, for suffering the follies of such a Fabler against Astronomers to come 
into the light, and to be openly maintained without contradiction; but this also 
might be dispensed with, in respect of the other greater occasions of laughter, 
wherewith we may confront them depending on the dissimulation of the 
intelligent, touching the follies of these opponents of the Doctrines that they well 
enough understand. 


SAGR. 


I desire not a greater proof of those mens petulancy, and the infelicity of a 
Copernican, subject to be opposed by such as understand not so much as the 
very first positions, upon which he undertakes the quarrel. 


SALV. 


You will be no lesse astonished at their method in confuting the Astronomers, 
who affirm the new Stars to be superiour to the Orbs of the Planets; and 
peradventure in theHe taketh Firmament the S arry Sphere, and not as we vulg 
ly receive the word. Firmament it self. 


SAGR. 


But how could you in so short a time examine all this Book, which is so great a 
Volume, and must needs contain very many demonstrations? 


SALV. 


I have confined my self to these his first confutations, in which with twelve 
demonstrations founded upon the observations of twelve Astronomers, (who all 


held, that the Star, Anno 1572. which appeared in Cassiopeia, was in the 
Firmament) he proveth it on the contrary, to be beneath the Moon, conferring, 
two by two, the meridian altitudes, proceeding in the method that you shall 
understand by and by. And because, I think, that in the examination of this his 
first progression, I have discovered in this Authour a great unlikelihood of his 
ability to conclude any thing against the Astronomers, in favour of the 
Peripatetick Philosophers, and that their opinion is more and more concludently 
confirmed, I could not apply my self with the like patience in examining his 
other methods, but have given a very slight glance upon them, and am certain, 
that the defect that is in these first impugnations, is likewise in the rest. And as 
you shall see, by experience, very few words will suffice to confute this whole 
Book, though compiled with so great a number of laborious calculations, The 
method observed by Clar. in confuting the Astronomers, and by Salviatus in 
confuting him. as here you see. Therefore observe my proceedings. This Authour 
undertaketh, as I say, to wound his adversaries with their own weapons, i. e. a 
great number of observations made by themselves, to wit, by twelve or thirteen 
Authours in number, and upon part of them he makes his supputations, and 
concludeth those stars to have been below the Moon. Now because the 
proceeding by interrogatories very much pleaseth me, in regard the Authour 
himself is not here, let Simplicius answer me to the questions that I shall ask 
him, as he thinks he himself would, if he were present. And presupposing that 
we speak of the foresaid Star, of Anno 1572. appearing in Cassiopeia, tell me, 
Simplicius, whether you believe that it might be in the same time placed in 
divers places, that is, amongst the Elements, aud also amongst the planetary 
Orbs, and also above these amongst the fixed Stars, and yet again infinitely more 
high. 


SIMP. 


There is no doubt, but that it ought to be confessed that it is but in one only 
place, and at one sole and determinate distance from the Earth. 


SALV. 


Therefore if the observations made by the Astronomers were exact, and the 
calculations made by this Author were not erroneous, it were easie from all those 
and all these to recollect the same distances alwayes to an hair, is not this true? 


SIMP. 


My reason hitherto tells me that so it must needs be; nor do I believe that the 
Author would contradict it. 


SALV. 


But when of many and many computations that have been made, there should 
not be so much as two onely that prove true, what would you think of them? 


SIMP. 


I would think that they were all false, either through the fault of the computist, or 
through the defect of the observators, and at the most that could be said, I would 
say, that but onely one of them and no more was true; but as yet I know not 
which to choose. 


SALV. 


Would you then from false fundamentals deduce and establish a doubtful 
conclusion for true? Certainly no. Now the calculations of this Author are such, 
that no one of them agrees with another, you may see then what credit is to be 
given to them. 


SIMP. 
Indeed, if it be so, this is a notable failing. 
SAGR. 


But by the way I have a mind to help Simplicius, and the Author by telling 
Salviatus, that his arguments would hold good if the Author had undertook to go 
about to find out exactly the distance of the Star from the Earth, which I do not 
think to be his intention; but onely to demonstrate that from those observations 
he collected that the Star was sublunary. So that if from those observations, and 
from all the computations made thereon, the height of the Star be alwayes 
collected to be lesse than that of the Moon, it serves the Authors turn to convince 
all those Astronomers of most impardonable ignorance, that through the defect 
either of Geometry or Arithmetick, have not known how to draw true 
conclusions from their own observations themselves. 


SALV. 


It will be convenient therefore that I turn my self to you, Sagredus, who so 
cunningly aphold the Doctrine of this Author. And to see whether I can make 
Simplicius, though not very expert in calculations, and demonstrations to 
apprehend the inconclusivenesse at least of the demonstrations of this Author, 
first proposed to consideration, and how both he, and all the Astronomers with 
whom he contendeth, do agree that the new Star had not any motion of its own, 
and onely went round with the diurnal motion of the primum mobile; but dissent 
about the placing of it, the one party putting it in the Celestial Region, that is 
above the Moon, and haply above the fixed Stars, and the other judging it to be 
neer to the Earth, that is, under the concave of the Lunar Orb. And because the 
situation of the new star, of which we speak, was towards the North, and at no 
very great distance from the Pole, so that to us Septentrionals, it did never set, it 
was an easie matter with Astronomical instruments to have taken its several 
meridian altitudes, as well its smallest under the Pole, as its greatest above the 
same; from the comparing of which altitudes, made in several places of the 
Earth, situate at different distances from the North, that is, different from one 
another in relation to polar altitudes, the stars distance might be inferred: The 
greatest and least elevations of the new star differ not from each other more than 
the polar altitudes, the said star being in the Firmnment. For if it was in the 
Firmament amongst the other fixed stars, its meridian altitudes taken in divers 
elevations of the pole, ought necessarily to differ from each other with the same 
variations that are found amongst those elevations themselves; that is, for 
example, if the elevation of the star above the horizon was 30 degrees, taken in 
the place where the polar altitude was v. gr. 45 degrees, the elevation of the same 
star ought to have been encreased 4 or 5 degrees in those more Northernly places 
where the pole was higher by the said 4 or 5 degrees. But if the stars distance 
from the Earth was but very little, in comparison of that of the Firmament; its 
meridian altitudes ought approaching to the North to encrease considerably more 
than the polar altitudes; and by that greater encrease, that is, by the excesse of 
the encrease of the stars elevation, above the encrease of the polar elevation 
(which is called the difference of Parallaxes) is readily calculated with a cleer 
and sure method, the stars distance from the centre of the Earth. Now this Author 
taketh the observations made by thirteen Astronomers in sundry elevations of the 
pole, and conferring a part of them at his pleasure, he computeth by twelve 
collations the new stars height to have been alwayes beneath the Moon; but this 
he adventures to do in hopes to find so grosse ignorance in all those, into whose 
hands his book might come, that to speak the truth, it hath turn’d my stomack; 
and I wait to see how those other Astronomers, and particularly Kepler, against 
whom this Author principally inveigheth, can contein themselves in silence, for 


he doth not use to hold his tongue on such occasions; unlesse he did possibly 
think the enterprize too much below him. Now to give you to understand the 
same, I have upon this paper transcribed the conclusions that he inferreth from 
his twelve indagations; the first of which is upon the two observations: 


Of Maurolicus and Hainzelius, from which the Star is collected to have 
been distant from the centre lesse than 3 semidiameters of the Earth, the 
difference of Parallaxes being 4 gr. 42 m. 30 sec. 3 semid. 


2. And is calculated on the observations of Hainzelius, with Parall. of 8. m. 
30 sec. and its distance from the centre is computed to be more than 25 
semid. 


3. And upon the observations of Tycho and Hainzelius, with Parall. of 10 
m. and the distance of the centre is collected to be little lesse than 19 semid. 


4. And upon the observations of Tycho and the Landgrave, with Parall. of 
14 m. the distance from the centre is made to be about 10 semid. 


5. And upon the observations of Hainzelius and Gemma, with Parall. of 42 
m. 30 sec. whereby the distance is gathered to be about 4 semid. 


6. And upon the observations of the Landgrave and Camerarius, with Parall. 
of 8 m. the distance is concluded to be about 4 semid. 


7. And upon the observations of Tycho and Hagecius, with Parall. of 6 m. 
and the distance is made 31 semid. 


8. And upon the observations of Hagecius and Vrsinus with Parall. of 43 m. 
and the stars distance from the superficies of the Earth is rendred 1/2 semid. 


9. And upon the observations of Landgravius and Buschius, with Parall. of 
15 m. and the distance from the superficies of the Earth is by supputation 
1/48 semid. 


10. And upon the observations of Maurolice and Munocius, with Parall. of 
4 m. 30 sec. and the compnted distance from the Earths surface is 1/5 
semid. 


e 11. And upon the observations of Munocius and Gemma, with Parall. of 55 
m. and the distance from the centre is rendred 13 semid. 


e 12. And upon the observations of Munosius and Vrsinus with Parall. of 1 
gr. 36 m. and the distance from the centre cometh forth lesse than 7 semid. 


These are twelve indagations made by the Author at his election, amongst many 
which, as he saith, might be made by combining the observations of these 
thirteen observators. The which twelve we may believe to be the most 
favourable to prove his intention. 


SAGR. 


I would know whether amongst the so many other indagations pretermitted by 
the Author, there were not some that made against him, that is, from which 
calculating one might find the new star to have been above the Moon, as at the 
very first sight I think we may reasonably question; in regard I see these already 
produced to be so different from one another, that some of them give me the 
distance of the said star from the Earth, 4, 6, 10, 100, a thousand, and an hundred 
thousand times bigger one than another; so that I may well suspect that amongst 
those that he did not calculate, there was some one in fauour of the adverse 
party. And I guesse this to be the more probable, for that I cannot conceive that 
those Astronomers the observators could want the knowledg and practice of 
rhese computations, which I think do not depend upon the abstrucest things in 
the World. And indeed it will seem to me a thing more than miraculous, if whilst 
in these twelve investigations onely, there are some that make the star to be 
distant from the Earth but a few miles, and others that make it to be but a very 
fmall matter below the Moon, there are none to be found that in favour of the 
contrary part do make it so much as twenty yards above the Lunar Orb. And that 
which shall be yet again more extravagant, that all those Astronomers should 
have been so blind as not to have discovered that their so apparent mistake. 


SALV. 


Begin now to prepare your ears to hear with infinite admiration to what excesses 
of confidence of ones own authority and others folly, the desire of contradicting 
and shewing ones self wiser than others, transports a man. Amongst the 
indagations omitted by the Author, there are such to be found as make the new 
star not onely above the Moon, but above the fixed stars also. And these are not 


a few, but the greater part, as you shall see in this other paper, where I have set 
them down. 


SAGR. 
But what saith the Author to these? It may be he did not think of them? 
SALV. 


He hath thought of them but too much: but saith, that the observations upon 
which the calculations make the star to be infinitely remote, are erroneous, and 
that they cannot be combined to one another. 


SIMP. 


But this seemeth to me a very lame evasion; for the adverse party may with as 
much reason reply, that those are erroneous wherewith he collecteth the star to 
have been in the Elementary Region. 


SALV. 


Oh Simplicius, if I could but make you comprehend the craft, though no great 
craftinesse of this Author, I should make you to wonder, and also to be angry to 
see how that he palliating his sagacity with the vail of the simplicity of your self; 
and the rest of meer Philosophers, would insinuate himself into your good 
opinion, by tickling your ears, and swelling your ambition, pretending to have 
convinced and silenced these petty Astronomers, who went about to assault the 
impregnable inalterability of the Peripatetick Heaven, and which is more, to 
have foild and conquered them with their own arms. I will try with all my ability 
to do the same; and in the mean time let Sagredus take it in good part, if 
Simplicius and I try his patience, perhaps a little too much, whilst that with a 
superfluous circumlocution (superfluous I say to his most nimble apprehension) 
I go about to make out a thing, which it is not convenient should be hid and 
unknown unto him. 


SAGR. 


I shall not onely without wearinesse, but also with much delight hearken to your 
discourses; and so ought all Peripatetick Philosophers, to the end they may know 
how much they are oblieged to this their Protector. 


SALV. 


Tell me, Simplicius, whether you do well comprehend, how, the new star being 
placed in the meridian circle yonder towards the North, the same to one that 
from the South should go towards the North, would seem to rise higher and 
higher above the Horizon, as much as the Pole, although it should have been 
scituate amongst the fixed stars; but, that in case it were considerably lower, that 
is nearer to the Earth, it would appear to ascend more than the said pole, and still 
more by how much its vicinity was greater? 


SIMP. 


I think that I do very well conceive the same; in token whereof I will try if I can 
make a mathematical Scheme of it, and in this great circle [in Fig. 1. of this 
Dialogue. ] I will marke the pole P; and in these two lower circles I will note two 
stars beheld from one place on the Earth, which let be A; and let the two stars be 
these B and C, beheld in the same line ABC, which line I prolong till it meet 
with a fixed star in D. And then walking along the Earth, till I come to the term 
E, the two stars will appear to me separated from the fixed star D, and advanced 
neerer to the pole P, and the lower star B more, which will appear to me in G, 
and the star C lesse, which will appear to me in F, but the fixed star D will have 
kept the same distance from the Pole. 


SALV. 


I see that you understand the businesse very well. I believe that you do likewise 
comprehend, that, in regard the star B is lower than C, the angle which is made 
by the rayes of the sight, which departing from the two places A and E, meet in 
C, to wit, this angle ACE, is more narrow, or if we will say more acute than the 
angle constituted in B, by the rayes AB and EB. 


SIMP. 

This I likewise understand very well. 

SALV. 

And also, the Earth beine very little and almost insensible, in respect of the 


Firmament (or Starry Sphere;) and consequently the space AE, paced on the 
Earth, being very small in comparison of the immense length of the lines EG and 


EF, passing from the Earth unto the Firmament, you thereby collect that the star 
C might rise and ascend so much and so much above the Earth, that the angle 
therein made by the rayes which depart from the said stationary points A and E, 
might become most acute, and as it were absolutely null and insensible. 


SIMP. 
And this also is most manifest to sense. 
SALV. 


Now you know Simplicius that Astronomers and Mathematicians have found 
infallible rules by way of Geometry and Arithmetick, to be able by help of the 
quantity of these angles B and C, and of their differences, with the additional 
knowledg of the distance of the two places A and E, to find to a foot the 
remotenesse of sublime bodies; provided alwayes that the aforesaid distance, and 
angles be exactly taken. 


SIMP. 


So that if the Rules dependent on Geometry and Astronomy be true, all the 
fallacies and errours that might be met with in attempting to investigate those 
altitudes of new Stars or Comets, or other things must of necessity depend on the 
distance AE, and on the angles B and C, not well measured. And thus all those 
differences which are found in these twelve workings depend, not on the defects 
of the rules of the Calculations, but on the errours committed in finding out those 
angles, and those distances, by means of the Instrumental Observations. 


SALV. 


True; and of this there is no doubt to be made. Now it is necessary that you 
observe intensely, how in removing the Star from B to C, whereupon the angle 
alwayes grows more acute, the ray EBG goeth farther and farther off from the 
ray ABD in the part beneath the angle, as you may see in the line ECF, whose 
inferiour part EC is more remote from the part AC, than is the part EB, but it can 
never happen, that by any whatsoever immense recession, the lines AD and EF 
should totally sever from each other, they being finally to go and conjoyn in the 
Star: and onely this may be said, that they would separate, and reduce 
themselves to parallels, if so be the recession should be infinite, which case is 
not to be supposed. But because (observe well) the distance of the Firmament, in 


relation to the smallnesse of the Earth, as hath been said, is to be accounted, as if 
it were infinite; therefore the angle conteined betwixt the two rayes, that being 
drawn from the points A and E, go to determine in a fixed Star, is esteemed 
nothing, and those rayes held to be two parallel lines; and therefore it is 
concluded, that then only may the New Star be affirmed to have been in the 
Firmament, when from the collating of the Observations made in divers places, 
the said angle is, by calculation, gathered to be insensible, and the lines, as it 
were, parallels. But if the angle be of a considerable quantity, the New Star must 
of necessity be lower than those fixed; and also than the Moon, in case the angle 
ABE should be greater than that which would be made in the Moons centre. 


SIMP. 


Then the remotenesse of the Moon is not so great, that a like angle should be 
insensible in her? 


SALV. 
No Sir; nay it is sensible, not onely in the Moon, but in the Sun also. 
SIMP. 


But if this be so, it’s possible that the said angle may be observed in the New 
Star, without necessitating it to be inferiour to the Sun, aswell as to the Moon. 


SALV. 


This may very well be, yea, and is in the present case, as you shall see in due 
place; that is, when I shall have made plain the way, in such manner that you 
also, though not very perfect in Astronomical calculations, may clearly see, and, 
as it were, with your hands feel how that this Author had it more in his eye to 
write in complacency of the Peripateticks, by palliating and dissembling sundry 
things, than to establish the truth, by producing them with naked sincerity: 
therefore let us proceed forwards. By the things hitherto spoken, I suppose that 
you comprehend very well how that the distance of the new Star can never be 
made so immense, that the angle so often named shall wholly disappear, and that 
the two rayes of the Observators at the places A and E, shall become altogether 
parallels: and you may consequently comprehend to the full, that if the 
calculations should collect from the observations, that that angle was totally null, 
or that the lines were truly parallels, we should be certain that the observations 


were at least in some small particular erroneous: But, if the calculations should 
give us the said lines to be separated not only to equidistance, that is, so as to be 
parallel, but to have past beyond that terme, and to be dilated more above than 
below, then must it be resolutely concluded, that the observations were made 
with lesse accuratenesse, and in a word, to be erroneous; as leading us to a 
manifest impossibility. In the next place, you must believe me, and suppose it for 
true, that two right lines which depart from two points marked upon another 
right line, are then wider above than below, when the angles included between 
them upon that right line are greater than two right angles; and if these angles 
should be equal to two right angles, the lines would be parallels; but if they were 
less than two right angles, the lines would be concurrent, and being continued 
out would undoubtedly intersect the triangle. 


SIMP. 


Without taking it upon trust from you, I know the same; and am not so very 
naked of Geometry, as not to know a Proposition, which I have had occasion of 
reading very often in Aristotle, that is, that the three angles of all triangles are 
equall to two right angles: so that if I take in my Figure the triangle ABE, it 
being supposed that the line EA is right; I very well conceive, that its three 
angles A, E, B, are equal to two right angles; and that consequently the two 
angles E and A are lesse than two right angles, so much as is the angle B. 
Whereupon widening the lines AB and EB (still keeping them from moving out 
of the points A and E) untill that the angle conteined by them towards the parts 
B, disappear, the two angles beneath shall be equal to two right angles, and those 
lines shall be reduced to parallels: and if one should proceed to enlarge them yet 
more, the angles at the points E and A would become greater than two right 
angles. 


SALV. 


You are an Archimedes, and have freed me from the expence of more words in 
declaring to you, that whensoever the calculations make the two angles A and E 
to be greater than two right angles, the observations without more adoe will 
prove erroneous. This is that which I had a desire that you should perfectly 
understand, and which I doubted that I was not able so to make out, as that a 
meer Peripatetick Philosopher might attain to the certain knowledg thereof. Now 
let us go on to what remains. And re-assuming that which even now you granted 
me, namely, that the new star could not possibly be in many places, but in one 


alone, when ever the supputations made upon the observations of these 
Astronomers do not assign it the same place, its necessary that it be an errour in 
the observations, that is, either in taking the altitudes of the pole, or in taking the 
elevations of the star, or in the one or other working. Now for that in the many 
workings made with the combinations two by two, there are very few of the 
observations that do agree to place the star in the same situation; therefore these 
few onely may happily be the non-erroneous, but the others are all absolutely 
false. 


SAGR. 


It will be necessary then to give more credit to these few alone, than to all the 
rest together, and because you say, that these which accord are very few, and I 
amongst these 12, do find two that so accord, which both make the distance of 
the star from the centre of the Earth 4 semidiameters, which are these, the fifth 
and sixth, therefore it is more probable that the new star was elementary, than 
celestial. 


SALV. 


You mistake the point; for if you note well it was not written, that the distance 
was exactly 4 semidiameters, but about 4 semidiameters; and yet you shall see 
that those two distances differed from each other many hundreds of miles. Here 
they are; you see that this fifth, which is 13389 Italian miles, exceeds the sixth, 
which is 13100 miles, by almost 300 miles. 


SAGR. 
Which then are those few that agree in placing the star in the same situation? 
SALV. 


They are, to the disgrace of this Author five workings, which all place it in the 
firmament, as you shall see in this note, where I have set down many other 
combinations. But I will grant the Author more than peradventure he would 
demand of me, which is in sum, that in each combination of the observations 
there is some error; which I believe to be absolutely necessary; for the 
observations being four in number that serve for one working, that is, two 
different altitudes of the Pole, and two different elevations of the star, made by 
different obfervers, in different places, Astronomical Instruments are very 


subject to errour. with different instruments, who ever hath any small knowledg 
of this art, will say, that amongst all the four, it is impossible but there will be 
some error; and especially since we see that in taking but one onely altitude of 
the Pole, with the same instrument, in the same place, by the same observer, that 
hath repeated the observation a thousand times, there will still be a titubation of 
one, or sometimes of many minutes, as in this same book you may see in several 
places. These things presupposed, I ask you Simplicius whether you believe that 
this Authour held these thirteen observators for wise, understanding and expert 
men in using those instruments, or else for inexpert, and bunglers? 


SIMP. 


It must needs be that he esteemed them very acute and intelligent; for if he had 
thought them unskilful in the businesse, he might have omitted his sixth book as 
inconclusive, as being founded upon suppositions very erroneous; and might 
take us for excessively simple, if he should think he could with their 
inexpertnesse perswade us to believe a false position of his for truth. 


SALV. 


Therefore these observators being such, and that yet notwithstanding they did 
erre, and so consequently needed correction, that so one might from their 
observations infer the best hints that may be; it is convenient that we apply unto 
them the least and neerest emendations and corrections that may be; so that they 
do but suffice to reduce the observations from impossibility to possibility; so as 
v. gr. if one may but correct a manifest errour, and an apparent impossibility of 
one of their observations by the addition or substraction of two or three minutes, 
and with that amendment to reduce it to possibility, a man ought not to essay to 
adjust it by the addition or substraction of fifteen, twenty, or fifty. 


SIMP. 


I think the Author would not deny this: for granting that they are expert and 
judicious men, it ought to be thought that they did rather erre little than much. 


SALV. 


Observe again; The places where the new Star is placed, are some of them 
manifestly impossible, and others possible. Absolutely impossible it is, that it 
should be an infinite space superiour to the fixed Stars, for there is no such place 


in the world; and if there were, the Star there scituate would have been 
imperceptible to us: it is also impossible that it should go creeping along the 
superficies of the Earth; and much lesse that it should be within the said 
Terrestrial Globe. Places possible are these that be in controversie, it not 
interferring vvith our understanding, that a visible object in the likenesse of a 
Star might be aswell above the Moon, as below it. Now whilst one goeth about 
to compute by the way of Observations and Calculations made with the utmost 
certainty that humane diligence can attain unto what its place was, it is found 
that the greatest part of those Calculations make it more than infinitely superiour 
to the Firmament, others make it very neer to the surface of the Earth, and some 
also under the same; and of the rest, which place it in situations not impossible, 
none of them agree with each other; insomuch that it must be confessed, hat all 
those observations are necessarily false; so that if we would nevertheless collect 
some fruit from so many laborious calculations, we must have recourse to the 
corrections, amending all the observations. 


SIMP. 


But the Authour will say, that of the observations that assign to the Star 
impossible places, there ought no account to be made, as being extreamly 
erroneous and false; and those onely ought to be accepted, that constitute it in 
places not impossible: and amongst these a man ought to seek, by help of the 
most probable, and most numerous concurrences, not if the particular and exact 
situation, that is, its true distance from the centre of the Earth, at least, whether it 
was amongst the Elements, or else amongst the Coelestial bodies. 


SALV. 


The discourse which you now make, is the self same that the Author made, in 
favour of his cause, but with too unreasonable a disadvantage to his adversaries; 
and this is that principal point that hath made me excessively to wonder at the 
too great confidence that he expressed to have, no less of his own authority, than 
of the blindness and inadvertency of the Astronomers; in favour of whom I will 
speak, and you shall answer for the Author. And first, I ask you, whether the 
Astronomers, in observing with their Instruments, and seeking v. gr. how great 
the elevation of a Star is above the Horizon, may deviate from the truth, aswell 
in making it too great, as too little; that is, may erroneously compute, that it is 
sometime higher than the truth, and sometimes lower; or else whether the errour 


must needs be alwayes of one kinde, to wit, that erring they alwayes make it too 
much, and never too little, or alwayes too little, and never too much? 


SIMP. 
I doubt not, but that it is as easie to commit an errour the one way, as the other. 
SALV. 


I believe the Author would answer the same. Now of these two kinds of errours, 
which are contraries, and into which the observators of the new star may equally 
have fallen, applied to calculations, one sort will make the star higher, and the 
other lower than really it is. And because we have already agreed, that all the 
observations are false; upon what ground would this Author have us to accept 
those for most congruous with the truth, that shew the star to have been near at 
hand, than the others that shew it excessively remote? 


SIMP. 


By what I have, as yet, collected of the Authors mind, I see not that he doth 
refuse those observations, and indagations that might make the star more remote 
than the Moon, and also than the Sun, but only those that make it remote (as you 
your self have said) more than an infinite distance; the which distance, because 
you also do refuse it as impossible, he also passeth over, as being convicted of 
infinite falshood; as also those observations are of impossibility. Methinks, 
therefore, that if you would convince the Author, you ought to produce 
supputations, more exact, or more in number, or of more diligent observers, 
which constitute the star in such and such a distance above the Moon, or above 
the Sun, and to be brief, in a place possible for it to be in, like as he produceth 
these twelve, which all place the star beneath the Moon in places that have a 
being in the world, and where it is possible for it to be. 


SALV. 


But Simplicius yours and the Authors Equivocation lyeth in this, yours in one 
respect, and the Authors in another; I discover by your speech that you have 
formed a conceit to your self, that the exorbitancies that are commited in the 
establishing the distance of the Star do encrease successively, according to the 
proportion of the errors that are made by the Instrument, in taking the 
observations, and that by conversion, from the greatness of the exorbitancies, 


may be argued the greatnesse of the error; and that thereforefore hearing it to be 
infered from such an observation, that the distance of the star is infinite, it is 
necessary, that the errour in observing was infinite, and therefore not to be 
amended, and as such to be refused; but the businesse doth not succeed in that 
manner, my Simplicius, and I excuse you for not having comprehended the 
matter as it is, in regard of your small experience in such affairs; but yet cannot I 
under that cloak palliate the error of the Author, who dissembling the knowledge 
of this which he did perswade himself that we in good earnest did not 
understand, hath hoped to make use of our ignorance, to gain the better credit to 
his Doctrine, among the multitude of illiterate men. Therefore for an 
advertisement to those who are more credulous then intelligent, and to recover 
you from error, know that its possible (and that for the most part it will come to 
passe) that an observation, that giveth you the star v. gr. at the distance of 
Saturn, by the adition or substraction of but one sole minute from the elevation 
taken with the instrument, shall make it to become infinitely distant; and 
therefore of possible, impossible, and by conversion, those calculations which 
being grounded upon those observations, make the star infinitely remote, may 
possibly oftentimes with the addition or subduction of one sole minute, reduce it 
to a possible scituation: and this which I say of a minute, may also happen in the 
correction of half a minute, a sixth part, and less. Now fix it well in your mind, 
that in the highest distances, that is v. g. the height of Saturn, or that of the fixed 
Stars, very small errors made by the Observator, with the instrument, render the 
scituation determinate and possible, infinite & impossible. This doth not so 
evene in the sublunary distances, and near the earth, where it may happen that 
the observation by which the Star is collected to be remote v. g. 4. 
Semidiameters terrestrial, may encrease or diminish, not onely one minute but 
ten, and an hundred, and many more, without being rendred by the calculation 
either infinitely remote, or so much as superior to the Moon. You may hence 
comprehend that the greatnesse of the error (to so speak) instrumental, are not to 
be valued by the event of the calculation, but by the quantity it self of degrees 
and minutes numbred upon the instrument, and these observations are to be 
called more just or less erroneous, which with the addition or substraction of 
fewer minutes, restore the star to a possible situation; and amongst the possible 
places, the true one may be believed to have been that, about which a greater 
number of distances concurre upon calculating the more exact observations. 


SIMP. 


I do not very well apprehend this which you say: nor can I of my self conceive 
how it can be, that in greater distances, greater exorbitancies can arise from the 
errour of one minute only, than in the smaller from ten or an hundred; and 
therefore would gladly understand the same. 


SALV. 


You shall see it, if not Theorically, yet at least Practically, by this short 
assumption, that I have made of all the combinations, and of part of the workings 
pretermitted by the Author, which I have calculated upon this same paper. 


SAGR. 


You must then from yesterday, till now, which yet is not above eighteen hours, 
have done nothing but compute, without taking either food or sleep. 


SALV. 


I have refreshed my self both those wayes; but truth is, make these supputations 
with great brevity; and, if I may speak the truth, I have much admired, that this 
Author goeth so farre about, and introduceth so many computations no wise 
necessary to the question in dispute. And for a full knowledge of this, and also to 
the end it may soon be seen, how that from the observations of the Astronomers, 
whereof this Author makes use, it is more probably gathered, that the new star 
might have been above the Moon, and also above all the Planets, yea amongst 
the fixed stars, and yet higher still than they, I have transcribed upon this paper 
all the observations set down by the said Authour, which were made by thirteen 
Astronomers, wherein are noted the Polar altitude, and the altitudes of the star in 
the meridian, aswell the lesser under the Pole, as the greater and higher, and they 
are these. 


Tycho. 
gr. m. 
Altitude of the Pole 55 £58 


Altitude of the Star 


And these are, according to the first 
paper: but according to the second, the 
greatest is — 

Hainzelius. 

gr. m. Sec. 


84 


27 


27 


the 
00 greatest. 

the 
of least. 


45 


Altitude of the Pole 48 22 


Altitude of the Star 


76 
76 
76 
20 
20 
20 


Peucerus and Sculerus. 


gr. 


m. 


34 
33 
35 
09 
09 
09 


45 


40 
30 
20 


Altitude of the pole 51 54 


Altitude of the Star 79 56 
23 «33 
Landgravius. 
gr. m. 


Altitude of the pole 51 18 


Altitude of the Star 79 30 


Camerarius. 
or. m. 


Altitude of the pole 52 24 


Altitude of the Star 


80 
80 
80 
24 
24 
24 


30 
27 
26 
28 
20 
17 


Hagecius 
er. m. 


Altitude of the pole 48 22 


Altitude of the Star 20 15 


Maurolycus. 
gr. m. 


Altitude of the pole 38 30 


Altitude of the Star 62 00 
Munocius. 
gr. m. 


Altitude of the pole 39 30 


Altitude of the star 67 30 
11 30 


Vrsinus. 
or. m. 


Altitude of the pole 49 24 


Altitude of the star 79 00 
22 00 
Reinholdus. 
gr. m. 


Altitude of the pole 51 18 


Altitude of the star 79 30 
23 02 


Buchius. 
gr. m. 


Altitude of the pole 51 10 


Altitude of the star 79 20 
22 40 
Gemma. 


Altitude of the pole 50 50 


Altitude of the star 79 45 


Now to see my whole proceeding, we may begin from these calculations, which 
are four, omitted by the Author, perhaps because they make against him, in 
regard they place the star above the moon by many semidiameters of the Earth. 
The first of which is this, computed upon the observations of the Landgrave of 
Hassia, and Tycho; which are, even by the Authors concession, two of the most 
exact observers: and in this first, I will declare the order that I hold in the 
working; which shall serve for all the rest, in that they are all made by the same 
rule, not varying in any thing, save in the quantity of the given summes, that is, 
in the number of the degrees of the Poles altitude, and of the new Stars elevation 
above the Horizon, the distance of which from the centre of the Earth, in 
proportion to the semidiameter of the terrestrial Globe is sought, touching which 
it nothing imports in this case, to know how many miles that semidiameter 
conteineth; whereupon the resolving that, and the distance of places where the 
observations were made, as this Author doth, is but time and labour lost; nor do I 
know why he hath made the same, and especially why at the last he goeth about 
to reduce the miles found, into semidiameters of the Terrestrial Globe. 


SIMP. 


Perhaps he doth this to finde with such small measures, and with their fractions 
the distance of the Star terminated to three or four inches; for we that do not 
understand your rules of Arithmetick, are stupified in hearing your conclusions; 
as for instance, whilst we read; Therefore the new Star or Comet was distant 
from the Earths centre three hundred seventy and three thousand eight hundred 
and seven miles; and moreover, two hundred and eleven, four thousand ninety 
sevenths 373807 21 /4097, and upon these precise punctualities, wherein you 
take notice of such small matters, we do conceive it to be impossible, that you, 
who in our calculations keep an account of an inch, can at the close deceive us 
so much as an hundred miles. 


SALV. 


This your reason and excuse would passe for currant, if in a distance of 
thousands of miles, a yard over or under were of any great moment, and if the 
suppositions that we take for true, were so certain, as that they could assure us of 
producing an indubitable truth in the conclusion; but here you see in the twelve 
workings of the Author, the distances of the Star, which from them one may 


conclude to have been different from each other, (and therefore wide of the 
truth) for many hundreds and thousands of miles: now whilst that I am more than 
certain, that that which I seek must needs differ from the truth by hundreds of 
miles, to what purppse is it to be so curious in our calculations, for fear of 
missing the quantity of an inch? But let us proceed, at last, to the working, which 
I resolve in this manner. Tycho, as may be seen in that same note observed the 
star in the polar altitude of 55 degrees and 58 mi. pri. And the polar altitude of 
the Landgrave was 51 degrees and 18 mi. pri. The altitude of the star in the 
Meridian taken by Tycho was 27 degrees 45 mi. pri. The Landgrave found its 
altitude 23 degrees 3 mi. pri. The which altitudes are these noted here, as you 
see. 


er. m. gr. m. 
Tycho. 


Pole 


Landgr. 


55 


58 * 


27 


45 


Pole 51 18* 23 3 


This done, substract the lesse from the greater, and there remains these 
differences here underneath. 


gr. m. 

4 40 

4 42 
Parall. 2 


Where the difference of the poles altitudes 4 gr. 4 mi. pr. is lesse than the 
difference of the altitudes of the Star 4 gr. 42 mi. pr. and therefore we have the 
difference of parallaxes, O gr. 2 mi. pri. These things being found, take the 
Authours own figure [Fig. 2. ] in which the point B is the station of the 
Landgrave, D the station of Tycho, C the place of the star, A the centre of the 
Earth, ABE the vertical line of the Landgrave, ADF of Tycho, and the angle 
BCD the difference of Parallaxes. And because the angle BAD, conteined 
between the vertical lines, is equal to the difference of the Polar altitudes, it shall 
be 4gr. 40m. which I note here apart; and I finde the chord of it by the Table of 
Arches and Chords, and set it down neer unto it, which is 8142 parts, of which 
the semidiameter AB is 100000. Next, I finde the angle BDC with ease, for the 
half of the angle BAD, which is 2gr. 20 m. added to a right angle, giveth the 
angle BDF 92gr. 20 m. to which adding the angle CDF, which is the distance 
from the vertical point of the greatest altitude of the Star, which here is 62 gr. 15 
m. it giveth us the quantity of the angle BDC, 154 grad. 45 min. the which I set 
down together with its Sine, taken out of the Table, which is 42657, and under 
this I note the angle of the Parallax BCD 0 gr. 2 m. with its Sine 58. And 
because in the Triangle BCD, the side DB is to the side BG; as the sine of the 
opposite angle BCD, to the sine of the opposite angle BDC: therefore, if the line 
BD were 58. BC would be 42657. And because the Chord DB is 8142. of those 
parts whereof the semidiameter BA is 100000. and we seek to know how many 
of those parts is BC; therefore we will say, by the Golden Rule, if when BD is 
58. BG is 42657. in case the said DB were 8142. how much would BC be? I 
multiply the second term by the third, and the product is 347313294. which 
ought to be divided by the first, namely, by 58. and the quotient shall be the 


number of the parts of the line BC, whereof the semidiameter AB is 100000. 
And to know how many semidiameters BA, the said line BC doth contein, it will 
be necessary anew to divide the said quotient so found by 100000. and we shall 
have the number of semidiameters conteined in BC. Now the number 
347313294. divided by 58. giveth 5988160%. as here you may see. 


And this divided by 100000. the product is 59 88160/100000 


But we may much abbreviate the operation, dividing the first quotient found, 
that is, 347313294. by the product of the multiplication of the two numbers 58. 
and 100000. that is, 


And this way also there will come forth 59 5113294/5 00 


And so many semidiameters are contained in the line BC, to which one being 
added for the line AB, we shall have little lesse than 61. semidiameters for the 
two lines ABC; and therefore the right distance from the centre A, to the Star C, 
shall be more than 60. semidiameters, and therefore it is superiour to the Moon, 
according to Ptolomy, more than 27. semidiameters, and according to 
Copernicus, more than 8. supposing that the distance of the Moon from the 
centre of the Earth by Copernicus his account is what the Author maketh it, 52 
semidiameters. With this same working, I find by the observations of 
Camerarius, and of Munosius, that the Star was situate in that same distance, to 
wit, somewhat more than 60. semidiameters. These are the observations, and 
these following next after them the calculations. 


The next working is made upon two observations of Tycho, and of Munosius, 
from which the Star is calculated to be distant from the Centre of the Earth 478 
Semidiameters and more. 


These workings following make the Star remote from the Centre, more than 358 
Semidiameters. 


From this other working the star is found to be distant from the centre more than 
716. semidiameters. 


These as you see are five workings which place the star very much above the 
Moon. And here I desire you to consider upon that particular, which even now I 
told you, namely, that in great distances, the mutations, or if you please 
corrections, of a very few minutes, removeth the star a very great way farther 


off. As for example, in the first of these workings, where the calculation made 
the star 60. semidiameters remote from the centre, with the Parallax of 2. 
minutes; he that would maintain that it was in the Firmament, is to correct in the 
observations but onely two minutes, nay lesse, for then the Parallax ceaseth, or 
becommeth so small, that it removeth the star to an immense distance, which by 
all is received to be the Firmament. In the second indagation, or working, the 
correction of lesse than 4 m. prim. d th the same. In the third, and fourth, like as 
in the first, two minutes onely mount the star even above the Firmament. In the 
last preceding, a quarter of a minute, that is 15. seconds, gives us the same. But 
it doth not so occur in the sublunary altitudes; for if you fancy to your self what 
distance you most like, and go about to correct the workings made by the 
Authour, and adjust them so as that they all answer in the same determinate 
distance, you will find how much greater corrections they do require. 


SAGR. 


It cannot but help us in our fuller understanding of things, to see some examples 
of this which you speak of. 


SALV. 


Do you assign any whatsoever determinate sublunary distance at pleasure in 
which to constitute the star, for with small ado we may assertain our selves 
whether corrections like to these, which we see do suffice to reduce it amongst 
the fixed stars, will reduce it to the place by you assigned. 


SAGR. 


To take a distance that may favour the Authour, we will suppose it to be that 
which is the greatest of all those found by him in his 12 workings; for whilst it is 
in controversie between him and Astronomers, and that they affirm the star to 
have been superiour to the Moon, and he that it was inferiour, very small space 
that he proveth it to have been lower, giveth him the victory. 


SALV. 


Let us therefore take the seventh working wrought upon the observations of 
Tycho and Thaddaeus Hagecius, by which the Authour found the star to have 
been distant from the centre 32. semidiameters, which situation is most 
favourable to his purpose; and to give him all advantages, let us moreover place 


it in the distance most disfavouring the Astronomers, which is to situate it above 
the Firmament. That therefore being supposed, let us seek in the next place what 
corrections it would be necessary to apply to his other 11 workings. And let us 
begin at the first calculated upon the observations of Hainzelius and Mauroice; 
in which the Authour findeth the distance from the centre about 3. semidiameters 
with the Parallax of 4 gr. 42 m. 30. sec. Let us see whether by withdrawing it 
20. minutes onely, it will rise to the height of 32. semidiameters: See the short 
and true operation. Multiply the sine of the angle BDC, by the sine of the chord 
BD, and divide the product, the five last figures being cut off by the sine of the 
Parallax, and the quotient will be 28. semidiameters, and an half, so that though 
you make a correction of 4 gr. 22 min. 30 sec. taken from 4 gr. 42 min. 30 sec. it 
shall not elevate the star to the altitude of 32. semidiameters, which correction 
for Simplicius his understanding it, is of 262. minutes, and an half. 


In the second operation made upon the observations of Hainzelius, and Sculerus, 
with the Parallax of 0 gr. 8 min. 30 sec. the star is found in the height of 25. 
semidiameters or thereabouts, as may be seen in the subsequent working. 


And bringing back the Parallax 0 gr. 8 m. 30 sec. to 7 gr. 7 m. whose sine is 204, 
the star elevateth to 30 semidiameters or thereabouts; therefore the correction of 
0 gr. 1 mi. 30 sec. doth not suffice. 


Now let us see what correction is requisite for the third working made upon the 
observations of Hainzelius and Tycho, which rendereth the star about 19 
semidiameters high, with the Parallax of 10 m. pri. The usual angles and their 
sines, and chord found by the Authour, are these next following; and they 
remove the star (as also in the Authours working) 19 semidiameters from the 
centre of the Earth. It is necessary therefore for the raising of it, to diminish the 
Parallax according to the Rule which he likewise observeth in the ninth working. 
Let us therefore suppose the Parallax to be 6 m. prim. whose sine is 175, and the 
division being made, there is found likewise lesse than 31 semidiameters for the 
stars distance. And therefore the correction of 4 min. prim. is too little to serve 
the Authours purpose. 


Let us come to the fourth working, and the rest with the same rule, and with the 
chords and sines found out by the Authour himself; in this the Parallax is 14 m. 
prim. and the height found lesse than 10 semidiameters, and diminishing the 
Parallax from 14 min. to 4 min. yet neverthelesse you see that the star doth not 
elevate full 31 semidiameters. Therefore 10 min. in 14 min. doth not suffice. 


In the fifth operation of the Authour we have the sines and the chord as you see, 
and the Parallax is 0 gr. 42 m. 30 sec. which rendereth the height of the star 
about 4 semidiameters, and correcting the Parallax, with reducing it from 0 gr. 
42 m. 30 sec. to 0 gr. 5 m. onely, doth not suffice to raise it to so much as 28 
semidiameters, the correction therefore of 0 gr. 37 m. 30 sec. is too little. 


In the sixth operation the chord, the sines and Parallax are as followeth, and the 
star is found to be about 4. semidiameters; let us see whether it will be reduced, 
abating the Parallax from 8 m. to 1 m. onely; Here is the operation, and the star 
raised but to 27. semidiameters or thereabout; therefore the correction of 7 m. in 
8 m. doth not suffice. 


In the eighth operation the chord, the sines, and the Parallax, as you see, are 
these ensuing, and hence the Authour calculates the height of the star to be 1. 
semidiameter and an half, with the Parallax of 43. min. which reduced to 1 min. 
yet notwithstanding giveth the star lesse remote than 24. semidiameters, the 
correction therefore of 42. min. is not enough. 


Let us now see the ninth. Here is the chord, the sines and the Parallax which is 
15 m. From whence the Authour calculates the distance of the star from the 
superficies of the Earth to be lesse than aHere the Latine version is erroneous, 
making it a fortieth part of, &c. seven and forteith part of a semidiameter, but 
this is an errour in the calculation, for it cometh forth truly, as we shall see here 
below, more than a fifth: See here the quotient is 90/4 , which is more than one 
fifth. 


That which the Authour presently after subjoyns in way of amending the 
observations, that is, that it sufficeth not to reduce the difference of Parallax, 
neither to a minute, nor yet to the eighth part of a minute is true. But I say, that 
neither will the tenth part of a minute reduce the height of the star to 32. 
semidiameters; for the sine of the tenth part of a minute, that is of six seconds, is 
3; by which if we according to our Rule should divide 90. or we may say, if we 
should divide 9058672. by 300000. the quotient will be 30 58671/100000, that is 
little more than 30. semidiameters and an half. 


The tenth giveth the altitude of the star one fifth of a semidiameter, with these 
angles, sines, and Parallax, that is, 4 gr. 30 m. which I see that being reduced 
from 4 gr. 30 min. to 2 min. yet neverthelesse it elevates not the star to 29. 
semidiameters. 


The eleventh rendereth the star to the Authour remote about 13. semidiameters, 
with the Parallax of 55. min. let us see, reducing it to 20 min. whether it will 
exalt the star: See here the calculation elevates it to little lesse than 33. 
semidiameters, the correction therefore is little lesse than 35. min. in 55. min. 


The twelfth with the Parallax of 1. gr. 36. min. maketh the star lesse high than 6. 
semidiameters, reducing the Parallax to 20 min. it carrieth the star to lesse than 
30. semidiameters distance, therefore the correction of 1 gr. 16. min. sufficeth 
not. 


These are the Corrections of the Parallaxes of the ten 
workings of the Author, to reduce the Star to the altitude of 
32 Semidiameters. 


gr. m. Sec. gr. m. Sec. 


in 0442 30 


00 04 00 


in 001000 


00 10 00 


in 001400 


00 37 00 


in 0042 30 


00 07 00 


in 001800 


00 42 00 


in 0043 00 


00 1450 


in 001500 


04 28 00 


in 043000 


00 35 00 


in 0055 00 


011600 


in01 3600 


From hence we see, that to reduce the Star to 32. Semidiameters in altitude, it is 
requisite from the sum of the Parallaxes 836. to subtract 756. and to reduce them 
to 80. nor yet doth that correction suffice. 


Here we see also, (as I have noted even now) that should the Authour consent to 
assign the distance of 32. Semidiameters for the true height of the Star, the 
correction of those his 10. workings, (I say 10. because the second being very 
high, is reduced to the height of 32. Semidiameters, with 2. minutes correction) 
to make them all to restore the said Star to that distance, would require such a 
reduction of Parallaxes, that amongst the whole number of substractions they 
should make more than 756 m. pr. whereas in the 5. calculated by me, which do 
place the Star above the Moon, to correct them in such sort, as to constitute it in 
the Firmament, the correction onely of 10. minutes, and one fourth sufficeth. 


Now adde to these, other 5. workings, that place the Star precisely in the 
Firmament, without need of any correction at all, and we shall have ten workings 
or indagations that agree to place it in the Firmament, with the correction onely 
of 5. of them (as hath been seen) but 10. m. and 15 sec. Whereas for the 
correction of those 10. of the Authour, to reduce them to the altitude of 32. 
semidiameters, there will need the emendations of 756 minutes in 836. that is, 
there must from the summe 836 be substracted 756. if you would have the Star 
elevated to the altitude of 32. semidiameters, and yet that correction doth not 
fully serve. 


The workings that immediately without any correction free the Star from 


Parallaxes, and therefore place it in the Firmament, and that also in the remotest 
parts of it, and in a word, as high as the Pole it self, are these 5. noted here. 


gr. m. gr. m. 


Camerar. Polar altit.52 24 Altit. of the Star 80 26 


Peucerus 51 54 79 56 


0 30 0 30 
gr. m. gr. m. 
Landgrav. 51 18 79 30 
Polar altit. Altit. of the Star 
Hainzel. 48 22 76 34 
2 56 2 56 


gr.m. gr.m. 


Tycho Polar altit.5558 Altit. of the Star 84 00 


Peucerus 51 54 79 56 


4 4 4 4 
gr. m. gr. m. 
Reinhold. 51 18 7930 
Polar altit. Altit. of the Star 
Hainzel. 48 22 36 34 
2 56 2 56 
gr. m. gr.m. 


Camerar. Polar altit. 52 24 Altit. of the Star 24 17 


Hagecius 48 222015 


42 42 


Of the remaining combinations that might be made of the Observations of all 
these Astronomers, those that make the Stars sublime to an infinite distance, are 
many in number, namely, about 30. more than those who give the Star, by 
calculation, to be below the Moon; and because (as it was agreed upon between 
us) it is to be believed that the Observators have erred rather little than much, it 
is a manifest thing that the corrections to be applied to the Observaations, which 
make the star of an infinite altitude, to reduce it lower, do sooner, and with lesser 
amendment place it in the Firmament, than beneath the Moon; so that all these 
applaud the opinion of those who put it amongst the fixed Stars. You may adde, 
that the corrections required for those emendations, are much lesser than those, 
by which the Star from an unlikely proximity may be removed to the height 
more favourable for this Authour, as by the foregoing examples hath been seen; 
amongst which impossible proximities, there are three that seem to remove the 
Star from the Earths centre, a lesse distance than one Semidiameter, making it, 
as it were, to turn round under ground, and these are those combinations, 
wherein the Polar altitude of one of the Observators being greater than the Polar 
altitude of the other, the elevation of the Star taken by the first, is lesser than the 
elation of the Star taken by the latter. 


The first of these is this of the Landgrave with Gemma, where the Polar altitude 
of the Landgrave 51 gr. 18 min. is greater than the Polar altitude of Gemma, 
which is 50 gr. 50 m. But the altitude of the Star of the Landgrave 79 gr. 30 min. 
is lesser than that of the Star, of Gemma 79 gr. 45 min. 


gr.m. gr.m. 


Landgrave Polar altit.5118 Altit. of the Star 79 30 


Gemma 50507945 


The other two are these below. 


gr.m. gr.m. 


Buschius. 


51 10 79 20 
Polar Altitude Altit. of the Star 
Gemma. 50 507945 


Reinholdus. 


51 18 79 30 
Polar Altitude Altit. of the Star 
Gemma. 50 507945 


From what I have hitherto demonstrated, you may guesse how much this first 
way of finding out the distance of the Star, and proving it sublunary introduced 
by the Authour, maketh against himself, and how much more probably and 
clearly the distance thereof is collected to have been amongst the more remote 
fixed Stars. 


SIMP. 


As to this particular, I think that the inefficacy of the Authors demonstrations is 
very plainly discovered; But I see that all this was comprised in but a few leaves 
of his Book, and it may be, that some other of his Arguments are more 
conclusive then these first. 


SALV. 


Rather they must needs be lesse valid, if we will take those that lead the way for 
a proof of the rest: For (as it is clear) the uncertainty and inconclusivenesse of 
those, is manifestly observed to derive it self from the errours committed in the 
instrumental observations, upon which the Polar Altitude, and height of the Star 
was thought to have been justly taken, all in effect having easily erred; And yet 
to find the Altitude of the Pole, Astronomers have had Ages of time to apply 
themselves to it, at their leasure: and the Meridian Altitudes of the Star are easier 
to be observed, as being most terminate, and yielding the Observator some time 
to continue the same, in regard they change not sensibly, in a short time, as those 
do that are remote from the Meridian. And if this be so, as it is most certain, 
what credit shall we give to Calculations founded upon Observations more 
numerous, more difficult to be wrought, more momentary in variation, and we 
may add, with Instruments more incommodious and erroneous? Upon a slight 
perusal of the ensuing demonstrations, I see that the Computations are made 
upon Altitudes of the Star taken in different Vertical Circles, which are called by 
the Arabick name, Azimuths; in which observations moveable instruments are 


made use of, not only in the Vertical Circles, but in the Horizon also, at the same 
time; insomuch that it is requisite in the same moment that the altitude is taken, 
to have observed, in the Horizon, the distance of the Virtical point in which the 
Star is, from the Meridian; Moreover, after a considerable interval of time, the 
operation must be repeated, and exact account kept of the time that passed, 
trusting either to Dials, or to other observations of the Stars. Such an Olio of 
Observations doth he set befo you, comparing them with such another made by 
another observer in another place with another different instrument, and at 
another time; and from this the Authour seeks to collect what would have been, 
the Elevations of the Star, and Horizontal Latitudes happened in the time and 
hour of the other first observations, and upon such a coaequation he in the end 
grounds his account. Now I refer it to you, what credit is to be given to that 
which is deduced from such like workings. Moreover, I doubt not in the least, 
but that if any one would torture himself with such tedious computations, he 
would find, as in those aforegoing, that there were more that would favour the 
adverse party, than the Authour: But I think it not worth the while to take so 
much pains in a thing, which is not, amongst those primary ones, by us 
understood. 


SAGR. 


I am of your Opinion in this particular: But this businesse being environed with 
sO Many intricacies, uncertainties, and errours, upon what confidence have so 
many Astronomers positively pronounced the new Star to have been so high? 


SALV. 


Upon two sorts of observations most plain, most easie, and most certain; one 
only of which is more than sufficient to assure us, that it was scituate in the 
Firmament, or at least by a great distance superiour to the Moon. One of which 
is taken from the equality, or little differing inequality of its distances from the 
Pole, aswell whilst it was in the lowest part of the Meridian, as when it was in 
the uppermost: The other is its having perpetually kept the same distances from 
certain of the fixed Stars, adjacent to it, and particularly from the eleventh of 
Cassiopea, no more remote from it than one degree and an half; from which two 
particulars is undoubtedly inferred, either the absolute want of Parallax, or such 
a smalnesse thereof, that it doth assure us with very expeditious Calculations of 
its great distance from the Earth. 


SAGR. 


But these things, were they not known to this Author? and if he saw them, what 
doth he say unto them? 


SALV. 


We are wont to say, of one that having no reply that is able to cover his fault, 
produceth frivolous excuses, cerca di attaccarsi alle funi del cielo, [He strives to 
take hold of the Cords of Heaven; | but this Authour runs, not to the Cords, but 
to the Spiders Web of Heaven; as you shall plainly see in our examination of 
these two particulars even now hinted. And first, that which sheweth us the Polar 
distances of the Observators one by one, I have noted down in these brief 
Calculations; For a full understanding of which, I ought first to advertise you, 
that when ever the new Star, or other Phaenomenon is near to the earth, turning 
with a Diurnal motion about the Pole, it will seem to be farther off from the said 
Pole, whilst it is in the lower part of the Meridian, then whilst it is above, as in 
this Figure [being fig. third of this Dial. ] may be seen. In which the point T. 
denotes the centre of the Earth; O. the place of the Observator; the Arch VPC the 
Firmament; P. the Pole. The Phaenomenon, [or appearance] moving along the 
Circle FS. is seen one while under the Pole by the Ray OFC. and another while 
above, according to the Ray OSD. so that the places seen in the Firmament are 
D. and C. but the true places in respect of the Centre T, are B, and A, equidistant 
from the Pole. Where it is manifest that the apparent place of the Phaenomenon 
S, that is the point D, is nearer to the Pole than the other apparent place C, seen 
along the Line or Ray OFC, which is the first thing to be noted. In the second 
place you must note that the exces of the apparent inferiour distance from the 
Pole, over and above the apparent superiour distance from the said Pole, is 
greater than the Inferiour Parallax of the Phaenomenon, that is, I say, that the 
excesse of the Arch CP, (the apparent inferior distance) over and above the Arch 
PD, (the apparent superior distance) is greater then the Arch CA, (that is the 
inferiour Paralax.) Which is easily proved; for the Arch CP. more exceedeth PD, 
then PB; PB, being bigger than PD, but PB. is equal to PA, and the excesse of 
CP, above PA, is the arch, CA, therefore the excesse of the arch CP above the 
arch PD, is greater than the arch CA, which is the parallax of the Phaenomenon 
placed in F, which was to be demonstrated. And to give all advantages to the 
Author, let us suppose that the parallax of the star in F, is the whole excesse of 
the arch CP (that is of the inferiour distance from the pole) above the arch PD 
(the inferiour distance.) I proceed in the next place to examine that which the 


observations of all Astronomers cited by the Authour giveth us, amongst which, 
there is not one that maketh not against himself and his purpose. And let us 
begin with these of Buschius, who findeth the stars distance from the pole, when 
it was superiour, to be 28 gr. 10 m. and the inferiour to be 28 gr. 30 m. so that 
the excesse is 0 gr. 20 m. which let us take (in favour of the Author) as if it all 
were the parallax of the star in F, that is the angle TFO. Then the distance from 
the Vertex [or Zenith] that is the arch CV, is 67 gr. 20 m. These two things being 
found, prolong the line CO, and from it let fall the perpendicular TI, and let us 
consider the triangle TOI, of which the angle I is right angle, and the angle IOT 
known, as being vertical to the angle VOC, the distance of the star from the 
Vertex, Moreover in the triangle TIF, which is also rectangular, there is known 
the angle F, taken by the parallax. Then note in some place apart the two angles 
IOT and IFT, and of them take the sines, which are here set down to them, as 
you seen. And because in the triangle IOT, the sine TI is 92276. of those parts, 
whereof the whole sine TO is 100000; and moreover in the triangle IFT, the sine 
TI is 582. of those parts, whereof the whole sine TF is 100000, to find how many 
TF is of those parts, whereof TO is 100000; we will say by the Rule of three: If 
TI be 582. TF is an 100000. but if T I were 92276. how much would T F be. Let 
us multiply 92276. by 100000. and the product will be 9227600000. and this 
must be divided by 582. and the quotient will be 15854982. and so many shall 
there be in TF of those parts, of which there are in TO an 100000. So that if it 
were required to know how many lines TO, are in TF, we would divide 
15854982 by 100000. and there will come forth 158. and very near an half; and 
so many diameters shall be the distance of the star F, from the centre T, and to 
abreviate the operation, we seeing, that the product of the multiplication of 
92276. by 100000, ought to be divided first by 582, and then the quotient of that 
division by 100000. we may without multiplying 92276. by 100000. and with 
one onely division of the sine 92276. by the sine 582. soon obtain the same 
solution, as may be seen there below; where 92276. divided by 582. giveth us 
the said 158 1/2, or thereabouts. Let us bear in mind therefore, that the onely 
division of the sine TI, as the sine of the angle TOI by the sine TI, as the sine of 
the angle IFT, giveth us the distance sought TF, in so many diameters TO. 


See next that which the observations of Peucerus giveth us, in which the 
inferiour distance from the Pole is 28 gr. 21 m. and the superiour 28 gr. 2 m. the 
difference 0 gr. 19 m. and the distance from the vertical point 66 gr. 27 m. from 
which particulars is gathered the stars distance from the centre almost 166 
semediameters. 


Here take what Tycho his observation holdeth forth to us, interpreted with 
greatest favour to the adversary; to wit, the inferiour distance from the pole is 28 
gr. 13 m. and the superiour 28 gr. 2 m. omit ing the difference which is 0 gr. 11 
m. as if all were one Parallax; the distance from the vertical point 62 gr. 15 m. 
Behold here below the operation, and the distance of the star from the centre 
found to be 976 9/16 semidiameters. 


The observation of Reinholdus, which is the next ensuing, giveth us the distance 
of the Star from the Centre 793. Semidiameters. 


From the following observation of the Landgrave, the distance of the Star from 
the Centre is made to be 1057, Semidiameters. 


Two of the most favourable observations for the Authour being taken from 
Camerarius, the distance of the Star from the Centre is found to be 3143 
Semidiameters. 


The Observation of Munosius giveth no Parallax, and therefore rendreth the new 
Star amongst the highest of the fixed. That of Hainzelius makes it infinitely 
remote, but with the correction of an half min. prim. placeth it amongst the fixed 
Stars. And the same is collected from Vrsinus, with the correction of 12. min. 
prim. The other Astronomers have not give us the distance above and below the 
Pole, so that nothing can be concluded from them. By this time you see, that all 
the observations of all these men conspire against the Author, in placing the Star 
in the Heavenly and highest Regions. 


SAGR. 
But what defence hath he for himself against so manifest contradictions? 
SALV. 


He betakes himself to one of those weak threads which I speak of; saying that 
the Parallaxes come to be lessened by means of the refractions, which opperating 
contrarily sublimate the Phaenomenon, whereas the Parallaxes abase it. Now of 
what little stead this lamentable refuge is, judge by this, that in case that effect of 
the refractions were of such an efficacy, as that which not long time since some 
Astronomers have introduced, the most that they could work touching the 
elevating a Phaeuomenon above the Horizon more than truth, when it is before 
hand 23. or 24. Degrees high, would be the lessening its Parallax about 3. 


minutes, the which abatement is too small to pull down the Star below the Moon, 
and in some cases is lesse than the advantage given him by us in admitting that 
the excesse of the inferiour distance from the Pole above the Superiour, is all 
Parallax, the which advantage is far more clear and palpable than the effect of 
Refracton, of the greatnesse of which I stand in doubt, and not without reason. 
But besides, I demand of the Author, whether he thinks that those Astronomers, 
of whose observations he maketh use, had knowledge of these effects of 
Refractions, and considered the same, or no; if they did know and consider them, 
it is reasonable to think that the, kept account of them in assigning the true 
Elevation of the Star, making in those degrees of Attitude discovered with the 
Instruments, such abatements as were convenient on the account of the 
alterations made by the Refractions; insomuch that the distances by them 
delivered, were in the end those corrected and exact, and not the apparent and 
false ones. But if he think that those Authors made no reflection upon the said 
Refractions, it must be confessed, that they had in like manner erred in 
determining all those things which cannot be perfectly adjusted without 
allowance for the Refractions; amongst which things one is the precise 
investigation of the Polar Altitudes, which are commonly taken from the two 
Meridian Altitudes of some of the fixed Stars that are constantly visible, which 
Altitudes will come to be altered by Refraction in the same manner, just as those 
of the new Star; so that the Polar Altitude that is deduced from them, will prove 
to be defective, and to partake of the self same want which this Author assigns to 
the Altitudes ascribed to the new Star, to wit, both that and these will be with 
equal falshood placed higher than really they are. But any such errour, as far as 
concerns our present businesse, doth no prejudce at all: For we not needing to 
know any more, but onely the difference between the two distances of the new 
Star from the Pole at such time as it was inferiour and superiour, it is evident that 
such distances would be the same, taking the alteration of Refraction commonly 
for the Star and for the Pole, or for them when commonly amended. The Authors 
Argument would indeed have had some strength, though very small, if he had 
assured us that the Altitude of the Pole had been once precisely assigned, and 
corrected from the errour depending on refraction, from which again the 
Astronomers had not kept themselves in assigning the altitudes of the new Star; 
but he hath not ascertained us of that, nor perhaps could he have done, nor haply, 
(and this is more probable) was that caution wanting in the Observators. 


SAGR. 


This argument is in my judgment sufficiently answered; therefore tell me how 
he dis-ingageth himself in the next place from that particular of the Stars having 
constantly kept the same distance from the fixed Stars circumjacent to it. 


SALV. 


He betakes himself, in like manner, to two threads, yet more unable to uphold 
him than the former: one of which is likewise fastened to refraction, but so much 
less firmly, in that he saith, that refraction operating upon the new Star, and 
sublimating it higher than its true situation, maketh the seeming distances untain 
to be distinguished from the true, when compared to the circumposed fixed Stars 
that environ it. Nor can I sufficiently admire how he can dissemble his knowing 
how that the same refraction will work alike upon the new Star, as upon the 
antient one its neighbour, elevating both equally, so as that such a like accident 
altereth not the space betwixt them. His other subterfuge is yet more unhappy, 
and carryeth with it much of ridiculous, it being founded upon the errour that 
may arise in the instrumental operation it self; whilst that the Observator not 
being able to constitute the centre of the eyes pupil in the centre of the Sextant 
(an Instrument imployed in observing the distance between two Stars) but 
holding it elevated above that centre, as much as the said pupil is distant from I 
know not what bone of the cheek, against which the end of the Instrument 
resteth, there is formed in the eye an angle more acute than that which is made 
by the sides of the Instrument; which angle of rayes differeth also from it self, at 
such time as a man looketh upon Stars, not much elevated above the Horizon, 
and the same being afterwards placed at a great height; that angle, saith he, is 
made different, while the Instrument goeth ascending, the head standing still: but 
if in mounting the Instrument, the neck should bend backwards, and the head go 
rising, together with the Instrument, the angle would then continue the same. So 
that the Authours answer supposeth that the Observators in using the Instrument 
have not raised the head, as they ought to have done; a thing which hath nothing 
of likelihood in it. But granting that so it had been, I leave you to judge what 
difference can be between two acute angles of two equicrural triangles, the sides 
of one of which triangles are each four [Italian] Braces [i. e. about three English 
yards] and those of the other, four braces within the quantity of the diameter of a 
Pea; for the differences cannot be absolutely greater between the length of the 
two visive rayes, whilst the line is drawn perpendicularly from the centre of the 
pupil, upon the plain of the Rule of the Sextant (which line is no bigger than the 
breath of the thumb) and the length of the same rayes, whilst elevating the 
Sextant, without raising the head together with it, that same line no longer falleth 


perpendicularly upon the said plane, but inclineth, making the angle towards the 
circumference something acute. But wholly to free this Authour from these 
unhappy lies, let him know, (in regard it appears that he is not very skilful in the 
use of Astronomicall Instruments) that in the sides of the Sextant or Quadrant 
there are placed twoTraguardi. Sights, one in the centre, and the other at the 
other at the opposite end, which are raised an inch or more above the plane of 
the Rule; and through the tops of those sights the ray of the eye is made to passe, 
which eye likewise is held an hands breadth or two, or it may be more, from the 
Instrument; so that neither the pupil, nor any bone of the cheek, nor of the whole 
body toucheth or stayeth it self upon the Instrument, nor much lesse is the 
Instrument upheld or mounted in the armes, especially if it be one of those great 
ones, as is usual, which weighing tens, hundreds, and also thousands of pounds, 
are placed upon very strong feet or frames: so that the whole objection 
vanisheth. These are the subterfuges of this Authour, which, though they were 
all of steel, would not secure him the hundredth part of a minute; and with these 
he conceits to make us believe, that he hath compensated that difference, which 
importeth more than an hundred minutes; I mean, that of the not observing a 
notable difference in the distances between one of the fixed stars, and the new 
star in in any of their circulations; which, had it been neer to the Moon, it ought 
to have been very conspicuous to the meer sight, without any Instrument, 
especially comparing it with the eleventh of Cassiopeia, its neighbour, within 1 
gr. 30 m. which ought to have varied from it more than two diameters of the 
moon, as the more intelligent Astronomers of those times do well note. 


SAGR. 


Methinks I see that unfortunate Husbandman, who after all his expected crops, 
have been beaten down and destroyed by a storm, goeth up and down with a 
languishing and down-cast look, gleaning up every small ear that would not 
suffice to keep a chicken alive one sole day. 


SALV. 


Truly, this Authour came out too slenderly provided with armes against the 
assailants of the Heavens inalterability, and with too brittle a chain attempted to 
pull down the new star of Cassiopeia from the highest Regions, to these so low 
and elementary. And for that I think that we have sufficiently demonstrated the 
vast difference that is between the arguments of those Astronomers, and of this 
their Antagonist, it will be convenient that we leave this particular, and return to 


our principal matter; in which there presents it self to our consideration the 
annual motion commonly ascribed to the Sun, but by Aristarchus Samius first of 
all, and after by Copernicus taken from the Sun, and transferred upon the Earth; 
against which Hypothesis, methinks I see Simplicius to come strongly provided, 
and particularly with the sword and buckler of the little Treatise of Conclusions, 
or Disquisitions Mathematical, the oppugnations of which it would be good to 
begin to produce. 


SIMP. 


I will, if you so please, reserve them to the last, as those that are of latest 
invention. 


SALV. 


It will therefore be necessary, that in conformity to the method hitherto 
observed, you do orderly, one by one, propound the arguments, on the contrary, 
aswell of Aristotle, as of the other ancients, which shall be my task also, that so 
nothing may escape our strict consideration and examination; and likewise 
Sagredus, with the vivacity of his wit, shall interpose his thoughts, as he shall 
finde himself inclined. 


SAGR. 


I will do it with my wonted freedome; and your commands shall oblige you to 
excuse me in so doing. 


SALV. 


The favour will challenge thanks, and not an excuse. But now let Simplicius 
begin to propose those doubts which disswade him from believing that the Earth, 
in like manner, as the other planets, may move round about a fixed centre. 


SIMP. 


The first and greatest difficulty is the repugnance and incompatibility that is 
between being in the centre, and being far from it; for if the Terrestrial Globe 
were to move in a year by the circumference of a circle, that is, under the 
Zodiack, it is impossible that it should, at the same time, be in the centre of the 


Zodiack; but that the Earth is in the said centre Aristotle, Ptolomy, and others 
have many wayes proved. 


SALV. 


You very well argue, and there is no question but that one that would make the 
Earth to move in the circumference of a circle, must first of necessity prove, that 
it is not in the centre of that same circle; it now followeth, that we enquire, 
whether the Earth be, or be not in that centre, about which, I say, that it turneth, 
and you say that it is fixed; and before we speak of this, it is likewise necessary 
that we declare our selves, whether you and I have both the same conceit of this 
centre, or no. Therefore tell me, what and where is this your intended centre? 


SIMP. 


When I speak of the centre, I mean that of the Universe, that of the World, that 
of the Starry Sphere. 


SALV. 


Although I might very rationally put it in dispute, whether there be any such 
centre in nature, In hath not been hitherto proved by any, whether the World be 
finite or infinite. or no; being that neither you nor any one else hath ever proved, 
whether the World be finite and figurate, or else infinite and interminate; yet 
nevertheless granting you, for the present, that it is finite, and of a terminate 
Spherical Figure, and that thereupon it hath its centre; it will be requisite to see 
how credible it is that the Earth, and not rather some other body, doth possesse 
the said centre. 


SIMP. 


That the world is finite, terminate, and spherical, Aristotle proveth with an 
hundred demonstrations. 


SALV. 


All which in the end are reduced to one alone, The Demonstrations of Aristotle 
to p ove that the Vniverse is finite, are all nullified by denying it to be moveable. 
and that one to none at all; for if I deny his assumption, to wit, that the Universe 
is moveable, all his demonstrations come to nothing, for he onely proveth the 


Universe to be finite and terminate, for that it is moveable. But that we may not 
multiply disputes, let it be granted for once, that the World is finite, spherical, 
and hath its centre. And seeing that that centre and figure is argued from its 
mobility, it will, without doubt, be very reasonable, if from the circular motions 
of mundane bodies we proceed to the particular investigation of that centres 
proper place: Aristotle makes that point to be the centre of the Universe about 
which all the Celestial Spheres do revolve. Nay Aristotle himself hath argued 
and determined in the same manner, making that same to be the centre of the 
Universe about which all the Coelelestial Spheres revolve, and in which he 
beleived the Terrestrial Globe to have been placed. A question is put, in case that 
if Aristotle were forced to receive one of two propositions that make against his 
doctrine, which he would admit. Now tell me Simplicius, if Aristotle should be 
constrained by evident experience to alter in part this his disposure and order of 
the Universe, and confesse himself to have been deceived in one of these two 
propositions, namely, either in placing the Earth in the centre, or in saying, that 
the Coelestial Spheres do move about that centre, which of the two confessions 
think you would he choose? 


SIMP. 
I believe, that if it should so fall out, the Peripateticks. 
SALV. 


I do not ask the Peripateticks, I demand of Aristotle, for as to those, I know very 
well what they would reply; they, as observant and humble vassals of Aristotle, 
would deny all the experiments and all the observations in the World, nay, 
would also refuse to see them, that they might not be forced to acknowledg 
them, and would say that the World stands as Aristotle writeth, and not as nature 
will have it, for depriving them of the shield of his Authority, with what do you 
think they would appear in the field? Tell me therefore what you are perswaded 
Aristotle himself would do in the case. 


SIMP. 


To tell you the truth, I know not how to resolve which of the two inconveniences 
is to be esteemed the lesser. 


SALV. 


Apply not I pray you this term of inconvenience to a thing which possibly may 
of necessity be so. It was an inconvenience to place the Earth in the centre of the 
Coelestial revolutions; but seeing you know not to which part he would incline, I 
esteeming him to be a man of great judgment, let us examine which of the two 
choices is the more rational, and that we will hold that Aristotle would have 
received. Reassuming therefore our discourse from the beginning, we suppose 
with the good liking of Aristotle, that the World (of the magnitude of which we 
have no sensible notice beyond the fixed stars) as being of a spherical figure; 
and moveth circularly, hath necessarily, and in respect of its figure a centre; and 
we being moreover certain, that within the starry Sphere there are many Orbs, 
the one within another, with their stars, which likewise do move circulary, it is in 
dispute whether it is most reasonable to believe and to say that these conteined 
Orbs do move round the said centre of the World, or else about some other 
centre far remote from that? Tell me now Simplicius what you think concerning 
this particular. 


SIMP. 


If we could stay upon this onely supposition, Its more rational that the Orb 
containing, and the parts contained, do move all about one centre, than u on 
divers. and that we were sure that we might encounter nothing else that might 
disturb us, I would say that it were much more reasonable to affirm that the Orb 
containing, and the parts contained, do all move about one common centre, than 
about divers. 


SALV. 


Now if it were true that the centre of the World is the same about which the Orbs 
of mundane bodies, If the centre of the World be the that about which the 
planets move, the Sun and not the Earth is placed in it. that is to say, of the 
Planets, move, it is most certain that it is not the Earth, but the Sun rather that is 
fixed in the centre of the World. So that as to this first simple and general 
apprehension, the middle place belongeth to the Sun, and the Earth is as far 
remote from the centre, as it is from that same Sun. 


SIMP. 


But from whence do you argue that not the Earth, but the Sun is in the centre of 
the Planetary revolutions? 


SALV. 


I infer the same from most evident, and therefore necessarily concludent 
observations, of which the most palpable to exclude the Earth from the said 
centre, Observations from whence it is collected that the Sun and not the Earth is 
in the centre of the Celestial revolutions. and to place the Sun therein, are, the 
seeing all the Planets one while neerer and another while farther off from the 
Earth with so great differences, that for example, Venus when it is at the farthest, 
is six times more remote from us, than when it is neerest, and Mars riseth almost 
eight times as high at one time as at another. See therefore whether Aristotle was 
not somewhat mistaken in thinking that it was at all times equidistant from us. 


SIMP. 
What in the next place are the tokens that their motions are about the Sun? 
SALV. 


It is argued in the three superiour planets Mars, Jupiter, and Saturn, in that we 
find them alwayes neerest to the Earth when they are in opposition to the Sun, 
and farthest off when they are towards the conjunction, and this approximatian 
and recession importeth thus much that Mars neer at hand, appeareth very neer 
60 times greater than when it is remote. The mutation of figure in Venus argueth 
its motion to be about the Sun. As to Venus in the next place, and to Mercury, 
we are certain that they revolve about the Sun, in that they never move far from 
him, and in that we see them one while above and another while below it, The 
Moon cannot seperate from the Earth. as the mutations of figure in Venus 
necessarily argueth. To ching the Moon it is certain, that she cannot in any way 
seperate from the Earth, for the reasons that shall be more distinctly alledged 
hereafter. 


SAGR. 


I expect that I shall hear more admirable things that depend upon this annual 
motion of the Earth, than were those dependant upon the diurnal revolution. 


SALV. 


You do not therein erre: The annual motion of the Earth mixing with the motions 
of the other Planets produce extravagant appearances. For as to the operation of 


the diurnal motion upon the Celestial bodies, it neither was, nor can be other, 
than to make the Universe seem to run precipitately the contrary way; but this 
annual motion intermixing with the particular motions of all the planets, 
produceth very many extravagancies, which have disarmed and non-plust all the 
greatest Scholars in the World. But returning to our first general apprehensions, I 
reply that the centre of the Celestial conversions of the ive planets Saturn, 
Jupiter, Mars, Venus and Mercury, is the Sun; and shall be likewise the centre of 
the motion of the Earth, if we do but succeed in our attempt of placing it in 
Heaven. And as for the Moon, this hath a circular motion about the Earth, from 
which (as I said before) it can by no means alienate it self, but yet doth it not 
cease to go about the Sun together with the Ear h in an annual motion. 


SIMP. 


I do not as yet very well apprehend this structure, but it may be, that with 
making a few draughts thereof, one may better and more easily discourse 
concerning the same. 


SALV. 


Tis very true: yea for your greater satisfaction and admiration together, I desire 
you, that you would take the pains to draw the same; and to see that although 
you think you do not apprehend it, yet you very perfectly understand it; And 
onely by answering to my interrogations you shall designe it punctually. Take 
therefore a sheet of paper and Compasses; The Systeme of the Universe 
designed from the appearances. And let this white paper be the immense 
expansion of the Universe; in which you are to distribute and dispose its parts in 
order, according as reason shall direct you. And first, in regard that without my 
instruction you verily believe that the Earth is placed in this Universe, therefore 
note a point at pleasure, about which you intend it to to be placed, and mark it 
with some characters. 


SIMP. 
Let this mark A be the place of the Terrestrial Globe. 
SALV. 


Very well. I know secondly, that you understand perfectly that the said Earth is 
not within the body of the Sun, nor so much as contiguous to it, but distant for 


some space from the same, and therefore assign to the Sun what other place you 
best like, as remote from the Earth as you please, and mark this in like manner. 


SIMP. 
Here it is done: Let the place of the Solar body be O. 
SALV. 


These two being constituted, I desire that we may think of accomodating the 
body of Venus in such a manner that its state and motion may agree with what 
sensible experiments do shew us; and therefore recall to mind that which either 
by the past discourses, or your own observations you have learnt to befal that 
star, and afterwards assign unto it that state which you think agreeth with the 
same. 


SIMP. 


Supposing those Phaenomena expressed by you, and which I have likewise read 
in the little treatise of Conclusions, to 


[figure] 


be true, namely, that that star never recedes from the Sun beyond such a 
determinate space of 40 degrees or thereabouts, so as that it never cometh either 
to apposition with the Sun, or so much as to quadrature, or yet to the sextile 
aspect; and more than that, Venus very great towards the respective conjunction 
and very small towards the maintine. supposing that it sheweth at one time 
almost 40 times greater than at another; namely, very great, when being 
retrograde, it goeth to the vespertine conjnnction of the Sun, and very small 
when with a motion straight forwards, it goeth to the matutine conjunction; and 
moreover it being true, that when it appeareth bigge it shews with a corniculate 
figure, and when it appeareth little, it seems perfectly round, these appearances, I 
say, being true, I do not see how one can choose but affirm the said star to 
revolve in a circle about the Sun, Venus necessarily proved to move about the 
Sun. for that the said circle cannot in any wise be said to encompasse or to 
contain the Earth within it, nor to be inferiour to the Sun, that is between it and 
the Earth, nor yet superiour to the Sun. That circle cannot incompasse the Earth, 
because Venus would then sometimes come to opposition with the Sun; it cannot 
be inferiour, for then Venus in both its conjunctions with the Sun would seem 


horned; nor can it be superiour, for then it would alwayes appear round, and 
never cornicular; and therefore for receit of it I will draw the circle CH, about 
the Sun, without encompassing the Earth. 


SALV. 


Having placed Venus, it is requisite that you think of Mercury, which, as you 
know, alwayes keeping about the Sun, doth recede lesse distance from it than 
Venus; therefore consider with your self, what place is most convenient to assign 
it. 


SIMP. 


It is not to be questioned, The revolution of Mercury concluded to be about the 
Sun, within the Orb of Venus. but that this Planet imitating Venus, the most 
commodious place for it will be, a lesser circle within this of Venus, in like 
manner about the Sun, being that of its greatest vicinity to the Sun, an argument, 
an evidence sufficiently proving the vigour of its illumination, above that of 
Venus, and of the other Planets, we may therefore upon these considerations 
draw its Circle, marking it with the Characters BG. 


SALV. 


But Mars, Mars necessarily includeth within its Orb the Earth, and also the Sun. 
Where shall we place it? 


SIMP. 


Mars, Because it comes to an opposition with the Sun, its Circle must of 
necessity encompass the Earth; But I see that it must necessarily encompass the 
Sun also, for coming to conjunction with the Sun, if it did not move over it, but 
were below it, it would appear horned, as Venus and the Moon; but it shews 
alwayes round, and therefore it is necessary, that it no less includeth the Sun 
within its circle than the Earth. Mars at its opposition to the Sun shews to be 
sixty times bigger than towards the conjunction. And because I remember that 
you did say, that when it is in opposition with the Sun, it seems 60 times bigger 
than when it is in the conjunction, me thinks that a Circle about the Centre of the 
Sun, and that taketh in the earth, will very well agree with these Phaenomena, 
which I do note and mark DI, where Mars in the point D, is near to the earth, and 
opposite to the Sun; but when it is in the point I, it is at Conjuction with the Sun, 


but very far from the Earth. And because the same appearances are observed in 
Jupiter and Saturn, Jupiter and Saturn do likewise encompasse the Earth, and the 
Sun. although with much lesser difference in Jupiter than in Mars, and with yet 
lesse in Saturn than in Jupiter; me thinks I understand that we should very 
commodiously salve all the Phaenomena of these two Planets, with two Circles, 
in like manner, drawn about the Sun, and this first for Jupiter, marking it EL, and 
another above that for Saturn marked FM. 


SALV. 


You have behaved your self bravely hitherto. The approximation and recession 
of the three superiour Planets, importeth double the Suns distance. And because 
(as you see) the approach and recession of the three Superiour Planets is 
measured with double the distance between the Earth and Sun, this maketh 
greater difference in Mars than in Jupiter, the Circle DI, The difference of the 
apparent magnitude lesse in Saturn, than in Jupiter, and Jupiter than in Mars, 
and why. of Mars, being lesser than the Circle EL, of Jupiter, and likewise 
because this EL, is lesse than this Circle FM, of Saturn, the said difference is 
also yet lesser in Saturn than in Jupiter, and that punctually answereth the 
Phaenomena. It remains now that you assign a place to the Moon. 


SIMP. 


Following the same Method (which seems to me very conclusive) in regard we 
see that the Moon cometh to conjunction and opposition with the Sun, The 
Moons Orb invironeth the Earth, but not the Sun. it is necessary to say, that its 
circle encompasseth the Earth, but yet doth it not follow, that it must environ the 
Sun, for then at that time towards its conjunction, it would not seem horned, but 
alwayes round and full of Light. Moreover it could never make, as it often doth, 
the Eclipse of the Sun, by interposing betwixt it and us; It is necessary therefore 
to assign it a circle about the Earth, which should be this NP, so that being 
constituted in P, it will appear from the Earth A, to be in conjunction with the 
Sun, and placed in N, it appeareth opposite to the Sun, and in that position it may 
fall under the Earths shadow, and be obscured. 


SALV. 


Now, Simplicius, what shall we do with the fixed stars? Shall we suppose them 
scattered through the immense abisses of the Universe, at different distances, 


from any one determinate point; or else placed in a superficies spherically 
distended about a centre of its own, so that each of them may be equidistant from 
the said centre? 


SIMP. 


I would rather take a middle way; The probable situation of the fixed stars. and 
would assign them an Orb described about a determinate centre and comprized 
within two spherical superficies, to wit, one very high, and concave, and the 
other lower, Which ought to be accounted the sphere of the Vniverse. and 
convex, betwixt which I would constitute the innumerable multitude of stars, but 
yet at divers altitudes, and this might be called the Sphere of the Universe, 
conteining within it the Orbs of the planets already by us described. 


SALV. 


But now we have all this while, Simplicius, disposed the mundane bodies 
exactly, according to the order of Copernicus, and we have done it with your 
hand; and moreover to each of them you have assigned peculiar motions of their 
own, except to the Sun, the Earth, and starry Sphere; and to Mercury with 
Venus, you have ascribed the circular motion about the Sun, without 
encompassing the Earth; about the same Sun you make the three superiour 
Planets Mars, Jupiter, and Saturn, to move, comprehending the Earth within their 
circles. The Moon in the next place can move in no other manner than about the 
Earth, without taking in the Sun, and in all these motions you agree also with the 
same Copernicus. There remains now three things to be decided between the 
Sun, the Earth, and fixed stars, namely, Rest, Rest, the annual motion and the 
diurnal ought to be distributed betwixt the Sun, Earth, and Firmament. which 
seemeth to belong to the Earth; the annual motion under the Zodiack, which 
appeareth to pertain to the Sun; and the diurnal motion, which seems to belong 
to the Starry Sphere, and to be by that imparted to all the rest of the Universe, 
the Earth excepted, And it being true that all the Orbs of the Planets, I mean of 
Mercury, In a moveable sphere, it seemeth more reasonable that its centre be 
stable, than any other of its parts. Venus, Mars, Jupiter, and Saturn, do move 
about the Sun as their centre; rest seemeth with so much more reason to belong 
to the said Sun, than to the Earth, in as much as in a moveable Sphere, it is more 
reasonable that the centre stand still, than any other place remote from the said 
centre; to the Earth therefore, which is constituted in the midst of moveable parts 
of the Universe, I mean between Venus and Mars, one of which maketh its 


revolution in nine moneths, and the other in two years, may the motion of a year 
very commodiously be assigned, leaving rest to the Sun. Granting to the Earth 
the annual, it must of necessity also have the diurnal motion assigned to it. And 
if that be so, it followeth of necessary consequence, that likewise the diurnal 
motion belongeth to the Earth; for, if the Sun standing still, the Earth should not 
revolve about its self, but have onely the annual motion about the Sun, our year 
would be no other than one day and one night, that is six moneths of day, and six 
moneths of night, as hath already been said. You may consider withal how 
commodiously the precipitate motion of 24 hours is taken away from the 
Universe, and the fixed stars that are so many Suns, are made in conformity to 
our Sun to enjoy a perpetual rest. You see moreover what facility one meets with 
in this rough draught to render the reason of so great appearances in the Celestial 
bodies. 


SAGR. 


I very well perceive that facility, but as you from this simplicity collect great 
probabilities for the truth of that System, others haply could make thence 
contrary deductions; doubting, not without reason, why that same being the 
ancient Systeme of Pythagoreans, and so well accommodated to the 
Phaenomena, hath in the succession of so many thousand years had so few 
followers, and hath been even by Aristotle himself refuted, and since that 
Copernicus himself hath had no better fortune. 


SALV. 


If you had at any time been assaulted, as I have been, many and many a time, 
with the relation of such kind of frivolous reasons, as serve to make the vulgar 
contumacious, and difficult to be perswaded to hearken, (I will not say to 
consent) to this novelty, I believe that you wonder at the paucity of those who 
are followers of that opinion would be much diminished. Discourses more than 
childish, serve to keep fools in the opinion of the Earths stability. But small 
regard in my judgement, ought to be had of such thick sculs, as think it a most 
convincing proof to confirm, and steadfastly settle them in the belief of the 
earths immobility, to see that if this day they cannot Dine at Constantinople, nor 
Sup in Jappan, that then the Earth as being a most grave body cannot clamber 
above the Sun, and then slide headlong down again; Of such as these I say, 
whose number is infinite, we need not make any reckoning, nor need we to 
record their foolieries, or to strive to gain to our side as our partakers in subul 


and sublime opinions, men in whose definition the kind onely is concerned, and 
the difference is wanting. Moreover, what ground do you think you could be 
able to gain, with all the demonstrations of the World upon brains so stupid, as 
are not able of themselves to know their down right follies? But my admiration, 
Sagredus, is very different from yours, you wonder that so few are followers of 
the Pythagorean Opinion; and I am amazed how there could be any yet left till 
now that do embrace and follow it: A declaration of the improbability of 
Copernicus his opinion. Nor can I sufficiently admire the eminencie of those 
mens wits that have received and held it to be true, and with the sprightlinesse of 
their judgements offered such violence to their own sences, as that they have 
been able to prefer that which their reason dictated to them, to that which 
sensible experiments represented most manifestly on the contrary. That the 
reasons against the Diurnal virtiginous revolution of the Earth by you already 
examined, do carry great probability with them, we have already seen; as also 
that the Ptolomaicks, and Aristotelicks, with all their Sectators did receive them 
for true, is indeed a very great argument of their efficacie; but those experiments 
which apertly contradict the annual motion, Reasons and discourse in Aristarcus 
and Copernicus prevailed over manifest sence. are of yet so much more 
manifestly repugnant, that (I say it again) I cannot find any bounds for my 
admiration, how that reason was able in Aristarchus and Copernicus, to commit 
such a rape upon their Sences, as in despight thereof, to make her self mistress of 
their credulity. 


SAGR. 


Are we then to have still more of these strong oppositions against this annual 
motion? 


SALV. 


We are, and they be so evident and sensible, that if a sence more sublime and 
excellent than those common and vulgar, did not take part with reason, I much 
fear, that I also should have been much more averse to the Copernican Systeem 
than I have been since the time that a clearer lamp than ordinary hath enlightned 
me. 


SAGR. 


Now therefore Salviatus, let us come to joyn battail for every word that is spent 
on any thing else, I take to be cast away. 


SALV. 


I am ready to serve you. You have already seen me draw the form of the 
Copernican Systeme; Mars makes an hot assaults upon the Coper can Systeme. 
against the truth of which Mars himself, in the first place, makes an hot charge; 
who, in case it were true, that its distances from the earth should so much vary, 
as that from the least distance to the greatest, there were twice as much 
differences, as from the earth to the Sun; it would be necessary, that when it is 
nearest unto us, its discus would shew more than 60. times bigger than it seems, 
when it is farthest from us; nevertheless that diversity of apparent magnitude is 
not to be seen, nay in its opposition with the Sun, when its nearest to the Earth, it 
doth not shew so much as quadruple and quintuple in bigness, to what it is, when 
towards the conjunction it cometh to be occulted under the Suns rayes. Another 
and greater difficulty doth Venus exhibit; For if revolving about the Sun, as 
Copernicus affirmeth, The Phaenomena of Venus appear contrary to the Systeme 
of Copernicus. it were one while above, & another while below the same, 
receding and approaching to us so much as the Diameter of the circle described 
would be, at such time as it should be below the Sun, and nearest to us, its discus 
would shew little less than 40 times bigger than when it is above the Sun, near to 
its other conjunction; yet neverthelesse, Another difficulty raised by Venus 
against Copernicus. the difference is almost imperceptible Let us add another 
difficulty, that in case the body of Venus be of it self dark, and onely shineth as 
the Moon, by the illumination of the Sun, which seemeth most reasonable; it 
would shew forked or horned at such time as it is under the Sun, as the Moon 
doth when she is in like manner near the Sun; an accident that is not to be 
discovered in her. Venus, according to Copernicus, either lucid in it self, or else 
of a transparent substance. Whereupon Copernicus affirmeth, that either she is 
light of her self, or else that her substance is of such a nature, that it can imbue 
the Solar light, and transmit the same through all its whole depth, so as to be able 
to appear to us alwayes shining; and in this manner Copernicus excuseth the not 
changing figure in Venus: but of her small variation of Magnitude, Copernicus 
speaketh nothing of the small variation of bigness in Venus and in Mars. he 
maketh no mention at all; and much less of Mars than was needful; I believe as 
being unable so well as he desired to salve a Phaenomenon so contrary to his 
Hypothesis, and yet being convinced by so many other occurrences and reasons 
he maintained, and held the same Hypothesis to be true. Besides these things, to 


make the Planets, together with the Earth, to move above the Sun as the Centre 
of their conversions, and the Moon onely to break that order, The moon much 
disturbeth the order of the other Planets. and to have a motion by it self about the 
earth; and to make both her, the Earth, and the whole Elementary Sphere, to 
move all together about the Sun in a year, this seemeth to pervert the order of 
this Systeme, which rendreth it unlikely and false. These are those difficulties 
that make me wonder how Aristarchus and Copernicus, who must needs have 
observed them, not having been able for all that to salve them, have yet 
notwithstanding by other admirable occurrences been induced to conside so 
much in that which reason dictated to them, as that they have considently 
affirmed that the structure of the Universe could have no other figure than that 
which they designed to themselves. There are also several other very serious and 
curious doubts, not so easie to be resolved by the middle sort of wits, but yet 
penetrated and declared by Coperninus, which we shall defer till by and by, after 
we have answered to other objections that seem to make against this opinion. 
Now coming to the declarations and answers to those three before named grand 
Objections, I say, that the two first not onely contradict not the Copernican 
Systeme, Answers to the three first objections against the Copernican, Systeme. 
but greatly and absolutely favour it; For both Mars and Venus seems unequal to 
themselves, according to the proportions assigned; and Venus under the Sun 
seemeth horned, and goeth changing figures in it self exactly like the Moon. 


SAGR. 
But how came this to be concealed from Copernicus, and revealed to you? 
SALV. 


These things cannot be comprehended, save onely by the sense of seeing, the 
which by nature was not granted to man so perfect, as that it was able to attain to 
the discovery of such differences; nay even the very instrument of sight is an 
impediment to it self: But since that it hath pleased God in our age to vouchsafe 
to humane ingenuity, so admirable an invention of perfecting our sight, by 
multiplying it four, six, ten, twenty, thirty, and fourty times, infinite objects, that 
either by reason of their distance, or for their extream smallnesse were invisible 
unto us, have by help of the Telescope been rendered visible. 


SAGR. 


But Venus and Mars are none of the objects invisible for their distance or 
smallnesse, yea, we do discern them with our bare natural sight; why then do we 
not distinguish the differences of their magnitudes and figures? 


SALV. 


In this, The reason whence it happens that Venus and Mars do not appear to vary 
magnitude so much as is requisite. the impediment of our very eye it self hath a 
great share, as but even now I hinted, by which the resplendent and remote 
objects are not represented to us simple and pure; but gives them us fringed with 
strange and adventitious rayes, so long and dense, that their naked body sheweth 
to us agrandized, ten twenty, an hundred, yea a thousand times more than it 
would appear, if the capillitious rayes were taken away. 


SAGR. 


Now I remember that I have read something on this subject, I know not whether 
in the Solar Letters, or in the Saggiatore of our common Friend, but it would be 
very good, aswell for recalling it into my memory, as for the information of 
Simplicius, who it may be never saw those writings, that you would declare unto 
us more distinctly how this businesse stands, the knowledge whereof I think to 
be very necessary for the assisting of us to understand that of which we now 
speak. 


SIMP. 


I must confesse that all that which Salviatus hath spoken is new unto me, for 
truth is, I never have had the curiosity to read those Books, nor have I hitherto 
given any great credit to the Telescope newly introduced; The operations of the 
Telescope accounted fallacies by the Peripateticks. rather treading in the steps of 
other Peripatetick Philosophers my companions, I have thought those things to 
be fallacies and delusions of the Chrystals, which others have so much admired 
for stupendious operations: and therefore if I have hitherto been in an errour, I 
shall be glad to be freed from it, and allured by these novelties already heard 
from you, I shall the more attentively hearken to the rest. 


SALV. 


The confidence that these men have in their own apprehensivenesse, is no less 
unreasonable than the small esteem they have of the judgment of others: yet its 


much that should esteem themselves able to judge better of such an instrument, 
without ever having made trial of it, than those who have made, and daily do 
make a thousand experiments of the same: But I pray you, let us leave this kind 
of pertinacious men, whom we cannot so much as tax without doing them too 
great honour. And returning to our purpose, Shining objects seem environed 
with adventitious rayes. I say, that resplendent objects, whether it is that their 
light doth refract on the humidity that is upon the pupils, or that it doth reflect on 
the edges of the eye-browes, diffusing its reflex rayes upon the said pupils, or 
whether it is for some other reason, they do appear to our eye, as if they were 
environ’d with new rayes, and therefore much bigger than their bodies would 
represent themselves to us, were they divested of those irradiations. The reason 
why luminous bodies appear enlarged much the more, by how much they are 
lesser. And this aggrandizement is made with a greater and greater proportion, 
by how much those lucid objects are lesser and lesser; in the same manner for all 
the world, as if we should suppose that the augmentation of shining locks were 
v. g. four inches, which addition being made about a circle that hath four inches 
diameter would increase its appearance to nine times its former bignesse: but — 


SIMP. 


I believe you would have said three times; for adding four inches to this side, 
and four inches to that side of the diameter of a circle, which is likewise four 
inches, its quantity is thereby tripled, and not made nine times bigger. 


SALV. 


A little more Geometry would do well, Superficial figures encreasing proportion 
double to their lines. Simplicius. True it is, that the diameter is tripled, but the 
superficies, which is that of which we speak, increaseth nine times: for you must 
know, Simplicius, that the superficies of circles are to one another, as the squares 
of their diameters; and a circle that hath four inches diameter is to another that 
hath twelve, as the square of four to the square of twelve; that is, as 16. is to 144. 
and therefore it shall be increased nine times, and not three; this, by way of 
advertisement to Simplicius. And proceeding forwards, if we should add the 
said irradiation of four inches to a circle that hath but two inches of diameter 
onely, the diameter of the irradiation or Garland would be ten inches, and the 
superficial content of the circle would be the area of the naked body, as 100. to 
4. for those are the squares of 10. and of 2. the agrandizement would therefore be 
25. times so much; and lastly, the four inches of hair or fringe, added to a small 


circle of an inch in diameter, the same would be increased 81. times; and so 
continually the augmentations are made with a proportion greater and greater, 
according as the real objects that increase, are lesser and lesser. 


SAGR. 


The doubt which puzzled Simplicius never troubled me, but certain other things 
indeed there are, of which I desire a more distinct understanding; and in 
particular, I would know upon what ground you affirm that the said 
agrandizement is alwayes equal in all visible objects. Objects the more vigorous 
they are in light, the more they do seem to increase. 


SALV. 


I have already declared the same in part, when I said, that onely lucid objects so 
increased, and not the obscure; now I adde what remaines, that of the 
resplendent objects those that are of a more bright light, make the reflection 
greater and more resplendent upon our pupil; whereupon they seem to augment 
much more than the lesse lucid: and that I may no more inlarge my self upon this 
particular, come we to that which the true Mistris of Astronomy, Experience, 
teacheth us. Let us this evening, when the air is very obscure, observe the star of 
Jupiter; we shall see it very glittering, An easie experiment that sheweth the 
increase in the stars, by means of the adventitious rays. and very great; let us 
afterwards look through a tube, or else through a small trunk, which clutching 
the hand close, and accosting it to the eye, we lean between the palm of the 
hands and the fingers, or else by an hole made with a small needle in a paper; 
and we shall see the said star divested of its beams, but so small, that we shall 
judge it lesse, even than a sixtieth part of its great glittering light seen with the 
eye at liberty: we may afterwards behold the Dog-stars beautiful and bigger than 
any of the other fixed stars, Jupiter augments lesse than the Dog-star. which 
seemeth to the bare eye no great matter lesse than Jupiter; but taking from it, as 
before, the irradiation, its Discus will shew so little, that it will not be thought 
the twentieth part of that of Jupiter, nay, he that hath not very good eyes, will 
very hardly discern it; from whence it may be rationally inferred, that the said 
star, as having a much more lively light than Jupiter, maketh its irradiation 
greater than Jupiter doth his. In the next place, as to the irradiation of the Sun 
and Moon, The Sun and Moon increase little. it is as nothing, by means of their 
magnitude, which possesseth of it self alone so great a space in our eye, that it 
leaveth no place for the adventitious rayes; so that their faces seem close clipt, 


and terminate. We may assure our selves of the same truth by another 
experiment which I have often made triall of; we may assure ourselves, It is 
seen by manifest experience, that the more splendid bodies do much more 
irradiate than the lesse lucid. I say, that bodies shining with most lively light do 
irradiate, or beam forth rayes more by far than those that are of a more 
languishing light. I have many times seen Jupiter and Venus together twenty or 
thirty degrees distant from the Sun, and the air being very dark, Venus appeared 
eight or ten times bigger than Jupiter, being both beheld by the eye at liberty; but 
being beheld afterwards with the Telescope, the Discus of Jupiter discovered it 
self to be four or more times greater than that of Venus, but the vivacity of the 
splendour of Venus was incomparably bigger than the languishing light of 
Jupiter; which was only because of Jupiters being far from the Sun, and from us; 
and Venus neer to us, and to the Sun. These things premised, it will not be 
difficult to comprehend, how Mars, when it is in opposition to the Sun, and 
therefore neerer to the Earth by seven times, and more, than it is towards the 
conjunction, cometh to appear scarce four or five times bigger in that state than 
in this, when as it should appear more than fifty times so much; of which the 
only irradiation is the cause; for if we divest it of the adventitious rayes, we shall 
find it exactly augmented with the due proportion: but to take away the 
capillitious border, The Telescope is the best means to take away the irradiations 
of the Stars. the Telescope is the best and only means, which inlarging its Discus 
nine hundred or a thousand times, makes it to be seen naked and terminate, as 
that of the Moon, Another second reason of the small apparent increase of 
Venus. and different from it self in the two positions, according to its due 
proportions to an hair. Again, as to Venus, that in its vespertine conjunction, 
when it is below the Sun, ought to shew almost fourty times bigger than in the 
other matutine conjunction, and yet doth not appear so much as doubled; it 
happeneth, besides the effect of the irradiation, that it is horned; and its 
crescents, besides that they are sharp, they do receive the Suns light obliquely, 
and therefore emit but a faint splendour; so that as being little and weak, its 
irradiation becometh the lesse ample and vivacious, than when it appeareth to us 
with its Hemisphere all shining: but now the Telescope manifestly shews its 
hornes to have been as terminate and distinct as those of the Moon, and appear, 
as it were, with a great circle, and in a proportion those well neer fourty times 
greater than its same Discus, at such time as it is superiour to the Sun in its 
ultimate matutine apparition. 


SAGR. 


Oh, Nicholas Copernicus, how great would have been thy joy to have seen this 
part of thy Systeme, confirmed with so manifest experiments! 


SALV. 


Tis true. Copernicus perswaded by reasons contrary to sensible experiments. But 
how much lesse the fame of his sublime wit amongst the intelligent? when as it 
is seen, as I also said before, that he did constantly continue to affirm (being 
perswaded thereto by reason) that which sensible experiments seemed to 
contradict; for I cannot cease to wonder that he should constantly persist in 
saying, that Venus revolveth about the Sun, and is more than six times farther 
from us at one time, than at another; and also seemeth to be alwayes of an equal 
bigness, although it ought to shew forty times bigger when nearest to us, than 
when farthest off. 


SAGR. 


But in Jupiter, Saturn and Mercury, I believe that the differences of their 
apparent magnitudes, should seem punctually to answer to their different 
distances. 


SALV. 


In the two Superiour ones, I have made precise observation yearly for this 
twenty two years last past: Mercury admitteth not of clear observations. In 
Mercury there can be no observation of moment made, by reason it suffers not it 
self to be seen, save onely in its greatest dig ssieons from the Sun, in which its 
distances from the earth are insensibly unequal, and those differences 
consequently not to be observed; as also its mutations of figures which must 
absolutely happen in it, as in Venus. And if we do see it, it must of necessity 
appear in form of a Semicircle, as Venus likewise doth in her greatest 
digressions; but its discns is so very small, and its splendor so very great, by 
reason of its vicinity to the Sun, that the virtue of the Telescope doth not suffice 
to clip its tresses or adventitious rayes, The difficulties removed that arise from 
the Earths moving about the Sun, not solitarily, but in consort with the Moon. so 
as to make them appear shaved round about. It remains, that we remove that 
which seemed a great inconvenience in the motion of the Earth, namely that all 
the Planets moving about the Sun, it alone, not solitary as the rest, but in 
company with the Moon, and the whole Elementary Sphear, should move round 


about the Sun in a year; and that the said Moon withal should move every 
moneth about the earth. Here it is necessary once again to exclaim and extol the 
admirable perspicacity of Copernicus, and withal to condole his misfortune, in 
that he is not now alive in our dayes, when for removing of the seeming 
absurdity of the Earth and Moons motion in consort we see Jupiter, as if it were 
another Earth, not in consort with the Moon, but accompanied by four Moons to 
rovolve about the Sun in 12. years together, with what ever things the Orbs of 
the four Medicaean Stars can contain within them. 


SALV. 
Why do you call the four jovial Planets, Moons? 
SAGR. 


Such they would seem to be to one that standing in Jupiter should behold them; 
The Medicean Stars areas it were four Moons about Jupiter. for they are of 
themselves dark, and receive their light from the Sun, which is manifest from 
their being eclipsed, when they enter into the cone of Jupiters shadow: and 
because onely those their Hemispheres, that look towards the Sun are 
illuminated, to us that are without their Orbs, and nearer to the Sun, they seem 
alwayes lucid, but to one that should be in Jupiter, they would shew all 
illuminated, at such time as they were in the upper parts of their circles; but in 
the parts inferiour, that is between Jupiter and the Sun, they would from Jupiter 
be observed to be horned; and in a word they would, to the observators standing 
in Jupiter, make the self same changes of Figure, that to us upon the Earth, the 
Moon doth make. You see now how these three things, which at first seemed 
dissonant, do admirably accord with the Copernican Systeme. Here also by the 
way may Simplicius see, with what probability one may conclude, that the Sun 
and not the Earth, is in the Centre of the Planetary conversions. And since the 
Earth is now placed amongst mundane Bodies, that undoubtedly move about the 
Sun, to wit, above Mercury and Venus, and below Saturn, Jupiter, and Mars; 
shall it not be in like manner probable, and perhaps necessary to grant, that it 
also moveth round? 


SIMP. 


These accidents are so notable and conspicuous, that it is not possible, but that 
Ptolomy and others his Sectators, should have had knowledge of them, and 


having so, it is likewise necessary, that they have found a way to render reasons 
of such, and so sensible appearances that were sufficient, and also congruous and 
probable, seeing that they have for so long a time been received by such 
numbers of learned men. 


SALV. 


You argue very well; The Principal scope of Astronomers, is to give a reason of 
appearances. but you know that the principal scope of Astronomers, is to render 
only reason for the appearances in the Caelestial Bodies, and to them, and to the 
motions of the Stars, to accomodate such structures and compositions of Circles, 
that the motions following those calculations, answer to the said appearances, 
little scrupling to admit of some exorbitances, that indeed upon other accounts 
they would much stick at. And Copernicus himself writes, Copernicus restored 
Astronomy upon the suppositions of Ptolomy. that he had in his first studies 
restored the Science of Astronomy upon the very suppositions of Ptolomy, and 
in such manner corrected the motions of the Planets, that the computations did 
very exactly agree with the Phaenomena, and the Phaenomena with the 
supputations, in case that he took the Planets severally one by one. But he 
addeth, that in going about to put together all the structures of the particular 
Fabricks, there resulted thence a Monster and Chimaera, composed of members 
most disproportionate to one another, and altogether incompatible; So that 
although it satisfied an Astronomer meerly Arithmetical, yet did it not afford 
satisfaction or content to the Astronomer Phylosophical. What moved 
Copernicus to establish his Systeme. And because he very well understood, that 
if one might salve the Caelestial appearances with false assumptions in nature, it 
might with much more ease be done by true suppositions, he set himself 
diligently to search whether any amongst the antient men of fame, had ascribed 
to the World any other structure, than that commonly received by Ptolomy; and 
finding that some Pythagoreans had in particular assigned the Diurnal 
conversion to the Earth, and others the annual motion also, he began to compare 
the appearances, and particularities of the Planets motions, with these two new 
suppositions, all which things jumpt exactly with his purpose; and seeing the 
whole correspond, with admirable facility to its parts, he imbraced this new 
Systeme, and it took up his rest. 


SIMP. 


But what great exorbitancies are there in the Ptolomaick Systeme, for which 
there are not greater to be found in this of Copernicus? 


SALV. 


In the Ptolomaick Hypothesis there are diseases, Inconveniencies that are in the 
Systeme of Ptolomy. and in the Copernican their cures. And first will not all the 
Sects of Phylosophers, account it a great inconvenience, that a body naturally 
moveable in circumgyration, should move irregularly upon its own Centre, and 
regularly upon another point? And yet there are such deformed motions as these 
in the Ptolomaean Hypothesis, but in the Copernican all move evenly about their 
own Centres. In the Ptolomaick, it is necessary to assign to the Caelestial bodies, 
contrary motions, and to make them all to move, from East to West, and at the 
same time, from West to East; But in the Copernican, all the Caelestial 
revolutions are towards one onely way, from West to East. But what shall we say 
of the apparent motion of the Planets, so irregular, that they not only go one 
while swift, and another while slow, but sometimes wholly seace to move; and 
then after a long time return back again? To salve which appearances Ptolomie 
introduceth very great Epicicles, accommodating them one by one to each 
Planet, with some rules of incongruous motions, which are all with one single 
motion of the Earth taken away. And would not you, Simplicius, call it a great 
absurditie, if in the Ptolomaick Hypothesis, in which the particular Planets, have 
their peculiar Orbs assigned them one above another, one must be frequently 
forced to say, that Mars, constituted above the Sphaere of the Sun, doth so 
descend, that breaking the Solar Orb, it goeth under it, and approacheth nearer to 
the Earth, than to the Body of the Sun, and by and by immeasurably ascendeth 
above the same? And yet this, and other exorbitancies are remedied by the sole 
and single annual motion of the Earth. 


SAGR. 


I would gladly be bettter informed how these stations, and retrograde and direct 
motions, which did ever seem to me great improbalities, do accord in this 
Copernican Systeme. 


SALV. 


You shall see them so to accord, Its a great Argument in favour of Copernicus, 
that he obviates the stations & retrogradations of the motions of the Planets. 


Sagredus, that this onely conjecture ought to be sufficient to make one that is not 
more than pertinacious or stupid, yield, assent to all the rest of this Doctrine. I 
tell you therefore, that nothing being altered in the motion of Saturn, which is 30 
years, in that of Jupiter, which is 12, in that of Mars, which is 2, in that of Venus, 
which is 9. moneths, in that of Mercury, which is 80. dayes, or thereabouts, the 
sole annual motion of the Earth between Mars and Venus, The sole annual 
motion of the Earth causeth great inequality of motions in the five Planets. 
causeth the apparent inequalities in all the five stars before named. And for a 
facile and full understanding of the whole, I will describe this figure of it. 
Therefore suppose the Sun to be placed in the centre O, about which we will 
draw the Orb described by the Earth, with the annual motion BGM, and let the 
circle described, v. gr. by Jupiter about the Sun in 12. years, be this BGM, and in 
the 


[figure] 


starry sphere let us imagine the Zodiack YVS. A demonstration of the 
inequalities of the three superiour Planets dependent on the annual motion of the 
Earth. Again, in the annual Orb of the Earth let us take certain equal arches, BC, 
CD, EF, FG, GH, HI, IK, KL, LM, and in the Sphere of Jupiter let us make 
certain other arches, passed in the same times in which the Earth passeth hers, 
which let be BC, CD, DE, EF, FG, GH, HI, IK, KL, LM, which shall each be 
proportionally lesse than these marked in the Earths Orb, like as the motion of 
Jupiter under the Zodiack is slower than the annual. Supposing now, that when 
the Earth is in B, Jupiter is in B, it shall appear to us in the Zodiack to be in P, 
describing the right line BBP. Next suppose the Earth to be moved from B to C, 
and Jupiter from B to C, in the same time; Iupiter shall appear to have passed in 
the Zodiack to Q, and to have moved straight forwards, according to the order of 
the signes PQ. In the next place, the Earth passing to D, and Iupiter to D, it shall 
be seen in the Zodiack in R, and from E, Iupiter being come to E; will appear in 
the Zodiack in S, having all this while moved right forwards. But the Earth 
afterwards beginning to interpose more directly between Iupiter and the Sun, she 
being come to F, and Iupiter to F, he will appear in T, to have already begun to 
return apparently back again under the Zodiack, and in that time that the Earth 
shall have pased the arch EF, Iupiter shall have entertained himself between the 
points ST, and shall have appeared to us almost motionlesse and stationary. The 
Earth being afterwards come to G, and Iupiter to G, in opposition to the Sun, it 
shall be visible in the Zodiack at V, and much returned backwards by all the arch 
of the Zodiack TV; howbeit that all the way pursuing its even course it hath 


really gone forwards not onely in its own circle, but in the Zodiack also in 
respect to the centre of the said Zodiack, and to the Sun placed in the same. The 
Earth and Iupiter again continuing their motions, when the Earth is come to H, 
and Iupiter to H, it shall seem very much gone backward in the Zodiack by all 
the arch VX. The Earth being come to I, and Iupiter to I, it shall be apparently 
moved in the Zodiack by the little space XY, and there it will seem stationary. 
When afterwards the Earth shall be come to K, and Iupiter to K; in the Zodiack 
he shall have passed the arch YN in a direct motion; and the Earth pursuing its 
course to L, shall see Iupiter in L, in the point Z. And lastly Iupiter in M shall be 
seen from the Earth M, to have passed to A, with a motion still right forwards; 
and its whole apparent retrogadation in the Zodiack shall answer to the arch SY, 
made by Iupiter, whilst that he in his own circle passeth the arch EI, and the 
Earth in hers the arch EI. And this which hath been said, Retrogradations more 
frequent in Saturn, lesse in Jupiter, and yet lesse in Mars, and why. is intended of 
Saturn and of Mars also; and in Saturn those retrogradations are somewhat more 
frequent than in Jupiter, by reason that its motion is a little slower than that of 
Jupiter, so that the Earth overtaketh it it in a shorter space of time; in Mars again 
they are more rare, for that its motion is more swift than that of Jupiter. 
Whereupon the Earth consumeth more time in recovering it. Next as to Venus 
and Mercury, The Retrogradation of Venus and Mercury demonstrated by 
Apollonius and Copernicus. whose Circles are comprehended by that of the 
Earth, their stations and regressions appear to be occasioned, not by their 
motions that really are such, but by the anual motion of the said Earth, as 
Copernicus exellently demonstrateth, together with Appollonius Pergaeus in lib. 
5. of his Revolutions, Cha. 


You see, Gentlemen, with what facility and simplicity the annual motion, The 
annual motion of the Earth most apt to render a reason of the exorbitances of the 
five Planets. were it appertaining to the Earth, is accommodated to render a 
reason of the apparent exorbitances, that are observed in the motions of the five 
Planets, Saturn, Jupiter, Mars, Venus and Mercury, taking them all away, and 
reducing them to equal and regular motions. The Sun it self testifieth the annual 
motion to belong to the Earth. And of this admirable effect, Nicholas 
Copernicus, hath been the first that hath made the reason plain unto us. But of 
another effect, no lesse admirable than this, and that with a knot, perhaps more 
difficult to unknit, bindeth the wit of man, to admit this annual conversion, and 
to leave it to our Terrestrial Globe; a new and unthought of conjecture ariseth 
from the Sun it self, which sheweth that it is unwilling to be singular in shifting, 
of this attestation of so eminent a conclusion, rather as a testimony beyond all 


exception, it hath desired to be heard apart. Hearken then to this great and new 
wonder. 


The first discoverer and observer of the Solar spots, The Lyncaean Academick 
the first discoverer of the Solar spots, and all the other celestial novelties. as also 
of all the other Coelestial novelties, was our Academick Lincaeus; and he 
discovered them anno 1610. being at that time Reader of the Mathematicks, in 
the Colledge of Padua, and there, and in Venice, The history of the proceedings 
of the Academian for a long time about the observation of the Solar spots. he 
discoursed thereof with several persons, of which some are yet living: And the 
year following, he shewed them in Rome to many great personages, as he relates 
in the first of his Letters to Marcus Velserus, Duumviro. Sheriffe of Augusta. He 
was the first that against the opinions of the too timorous and too jealous 
assertors of the Heavens inalterability, affirmed those spots to be matters, that in 
short times were produced and dissolved: for as to place, they were contiguous 
to the body of the Sun, and revolved about the same; or else being carried about 
by the said Solar body, which revolveth in it selfe about its own Centre, in the 
space almost of a moneth, do finish their course in that time; which motion he 
judged at first to have been made by the Sun about an Axis erected upon the 
plane of the Ecliptick; in regard that the arches described by the said spots upon 
the Discus of the Sun appear unto our eye right lines, and parallels to the plane 
of the Ecliptick: which therefore come to be altered, in part, with some 
accidental, wandring, and irregular motions, to which they are subject, and 
whereby tumultuarily, and without any order they successively change situations 
amongst themselves, one while crouding close together, another while 
dissevering, and some dividing themselves into many and very much changing 
figures, which, for the most part, are very unusual. And albeit those so 
inconstant mutations did somewhat alter the primary periodick course of the 
said spots, yet did they not alter the opinion of our friend, so as to make him 
believe, that they were any essential and fixed cause of those deviations, but he 
continued to hold, that all the apparent alterations derived themselves from those 
accidental mutations: in like manner, just as it would happen to one that should 
from far distant Regions observe the motion of our Clouds; which would be 
discovered to move with a most swift, great, and constant motion, carried round 
by the diurnal Vertigo of the Earth (if haply that motion belong to the same) in 
twenty four hours, by circles parallel to the Equinoctial, but yet altered, in part, 
by the accidental motions caused by the winds, which drive them, at all 
adventures, towards different quarters of the World. While this was in agitation, 
it came to pass that Velserus sent him two Letters, written by a certain person, 


under the feigned name ofThis Authors true name is Christopher Scheinerus a 
Jesuit, and his Book here meant is intituled, Apelles post tabulam. Apelles, upon 
the subject of these Spots, requesting him, with importunity, to declare his 
thoughts freely upon those Letters, and withall to let him know what his opinion 
was touching the essence of those spots; which his request he satisfied in 3 
Letters, shewing first of all howvain the conjectures of Apelles were; & 
discovering, secondly, his own opinions; withal foretelling to him, that Apelles 
would undoubtedly be better advised in time, and turn to his opinion, as it 
afterwards came to pass. And because that our Academian (as it was also the 
judgment of many others that were intelligent in Natures secrets) thought he had 
in those three Letters investigated and demonstrated, if not all that could be 
desired, or required by humane curiosity, at least all that could be attained by 
humane reason in such a matter, he, for some time (being bufied in other studies) 
intermitted his continual observations, and onely in complacency to some friend, 
joyned with him, in making now and then an abrupt observation: till that he, and 
after some years, we, being then at myLa mia villa delle S lue. Country-seat, met 
with one of the solitary Solar spots very big, and thick, invited withal by a clear 
and constant serenity of the Heavens, he, at my request, made observations of 
the whole progresse of the said spot, carefully marking upon a sheet of paper the 
places that it was in every day at the time of the Suns coming into the Meridian; 
and we having found that its course was not in a right line, but somewhat 
incurvated, we came to resolve, at last, to make other observations from time to 
time; to which undertaking we were strongly induced by a conceit, that 
accidentally came into the minde of my Guest, which he imparted to me in these 
or the like words. 


In my opinion, Philip, there is a way opened to a business of very great 
consequence. For if the Axis about which the Sun turneth be not erect 
perpendicularly to the plane of the Ecliptick, A conceipt that came suddenly into 
the minde of the Academian Lyncaeus concerning the great consequence that 
followed upon the motion of the Solar spots. but is inclined upon the same, as its 
crooked course, but even now observed, makes me believe, we shall be able to 
make such conjectures of the states of the Sun and Earth, as neither so solid or so 
rational have been hitherto deduced from any other accident whatsoever. I being 
awakened at so great a promise, importun’d him to make a free discovery of his 
conceit unto me. And he continued his discourse to this purpose. Extravagant 
mutations to be observed in the motions of the spots, foreseen by the 
Academick, in case the Earth had the annual motion. If the Earths motion were 
along the Ecliptique about the Sun; and the Sun were constituted in the centre of 


the said Ecliptick, and therein revolved in its self, not about the Axis of the said 
Ecliptique (which would be the Axis of the Earths annual motion) but upon one 
inclined, it must needs follow, that strange changes will represent themselves to 
us in the apparent motions of the Solar spots, although the said Axis of the Sun 
should be supposed to persist perpetually and immutably in the same inclination, 
and in one and the same direction towards the self-same point of the Universe. 
Therefore the Terrestrial Globe in the annual motion moving round it, it will first 
follow, that to us, carried about by the same, the courses of the spots shall 
sometimes seem to be made in right lines, but this only twice a year, and at all 
other times shall appear to be made by arches insensibly incurvated. Secondly, 
the curvity of those arches for one half of the year, will shew inclined the 
contrary way to what they will appear in the other half; that is, for six moneths 
the convexity of the arches shall be towards the upper part of the Solar Discus, 
and for the other six moneths towards the inferiour. Thirdly, the spots beginning 
to appear, and (if I may so speak) to rise to our eye from the left side of the Solar 
Discus, and going to hide themselves and to set in the right side, the Oriental 
termes, that is, of their first appearings for six moneths, shall be lower than the 
opposite termes of their occultations; and for other six moneths it shall happen 
contrarily, to wit, that the said spots rising from more elevated points, and from 
them descending, they shall, in their courses, go and hide themselves in lower 
points; and onely for two dayes in all the year shall those termes of risings and 
settings be equilibrated: after which freely beginning by small degrees the 
inclination of the courses of the spots, and day by day growing bigger, in three 
moneths, it shall arrive at its greatest obliquity, and from thence beginning to 
diminish, in such another time it shall reduce it self to the other Aequilibrium. It 
shall happen, for a fourth wonder, that the course of the greatest obliquity shall 
be the same with the course made by the right line, and in the day of the 
Libration the arch of the course shall seem more than ever incurvated. Again, in 
the other times, according as the pendency shall successively diminish, and 
make it approach towards the Aequilibrium, the incurvation of the arches of the 
courses on the contrary shall, by degrees, increase. 


SAGR. 


I confesse, Salviatus, that to interrupt you in your Discourse is ill manners, but I 
esteem it no lesse rudeness to permit you to run on any farther in words, whilst 
they are, as the saying is, cast into the air: for, to speak freely, I know not how to 
form any distinct conceit of so much as one of these conclusions, that you have 
pronounced; but because, as I thus generally and confusedly apprehend them, 


they hold forth things of admirable consequence, I would gladly, some way or 
other, be made to understand the same. 


SALV. 


The same that befalls you, befell me also, whilst my Guest transported me with 
bare words; who afterwards assisted my capacity, The first Accident to be 
observed in the motion of the Solar spots; and consequently all the rest 
explained. by describing the businesse upon a material Instrument, which was no 
other than a simple Sphere, making use of some of its circles, but to a different 
purpose from that, to which they are commonly applied. Now I will supply the 
defect of the Sphere, by drawing the same upon a piece of paper, as need shall 
require. And to represent the first accident by me propounded, which was, that 
the courses or journeys of the spots, twice a year, and no more, might be seen to 
be made in right lines, let us suppose this point O [in Fig. 4. ] to be the centre of 
the grand Orb, or, if you will, of the Ecliptick, and likewise also of the Globe of 
the Sun it self; of which, by reason of the great distance that is between it and the 
Earth, we that live upon the Earth, may suppose that we see the one half: we will 
therefore describe this circle ABCD about the said centre O, which representeth 
unto us the extream term that divideth and separates the Hemisphere of the Sun 
that is apparent to us, from the other that is occult. And because that our eye, no 
lesse than the centre of the Earth, is understood to be in the plane of the 
Ecliptick, in which is likewise the centre of the Sun, therefore, if we should 
fancy to our selves the body of the Sun to be cut thorow by the said plane, the 
section will appear to our eye a right line, which let be BOD, and upon that a 
perpendicular being let fall AOC, it shall be the Axis of the said Ecliptick, and of 
the annual motion of the Terrestrial Globe. Let us next suppose the Solar body 
(without changing centre) to revolve in it self, not about the Axis AOC (which is 
the erect Axis upon the plane of the Ecliptick) but about one somewhat inclined, 
which let be this EOI, the which fixed and unchangeable Axis maintaineth it self 
perpetually in the same inclination and direction towards the same points of the 
Firmament, and of the Universe. And because, in the revolutions of the Solar 
Globe, each point of its superficies (the Poles excepted) describeth the 
circumference of a circle, either bigger or lesser, according as it is more or lesse 
remote from the said Poles, let us take the point F, equally distant from them, 
and draw the diameter FOG, which shall be perpendicular to the Axis EI, and 
shall be the diameter of the grand circle described about the Poles EI. Supposing 
not that the Earth, and we with her be in such a place of the Ecliptick, that the 
Hemisphere of the Sun to us apparent is determin’d or bounded by the circle 


ABCD, which passing (as it alwayes doth) by the Poles AC, passeth also by EI. 
It is manifest, that the grand circle, whose diameter is FG, shall be erect to the 
circle ABCD, to which the ray that from our eye falleth upon the centre O, is 
perpendicular; so that the said ray falleth upon the plane of the circle, whose 
diameter is FG, and therefore its circumference will appear to us a right line, and 
the self same with FG, whereupon if there should be in the point F, a spot, it 
comming afterwards to be carried about by the Solar conversion, would, upon 
the surface of the Sun, trace out the circumference of that circle, which seems to 
us a right line. Its course or passage will therefore seem straight. And straight 
also will the motion of the other spots appear, which in the said revolution shall 
describe lesser circles, as being all parallel to the greater, and to our eye placed 
at an immense distance from them. Now, if you do but consider, how that after 
the Earth shall in six moneths have run thorow half the grand Orb, and shall be 
situate opposite to that Hemisphere of the Sun, which is now occult unto us, so 
as that the boundary of the part that then shall be seen, may be the self same 
ABCD, which also shall passe by the Poles EI; you shall understand that the 
same will evene in the courses of the spots, as before, to wit, that all will appear 
to be made by right lines. But because that that accident takes not place, save 
onely when the teminator or boundary passeth by the Poles EI, and the said 
terminator from moment to moment, by meanes of the Earths annual motion, 
continually altereth, therefore its passage by the fixed Poles EI, shall be 
momentary, and consequently momentary shall be the time, in which the 
motions of those spots shall appear straight. From what hath been hitherto 
spoken one may comprehend also how that the apparition and beginning of the 
motion of the spots from the part F, proceeding towards G, their passages or 
courses are from the left hand, ascending towards the right; but the Earth being 
placed in the part diametrically opposite the appearance of the spots about G, 
shall still be to the left hand of the beholder, but the passage shall be descending 
towards the right hand F. Let us now describe the Earth to be situate one fourth 
part farther distant from its present state, and let us draw, as in the other figure, 
the terminator ABCD, [as in Fig. 5. ] and the Axis, as before AC, by which the 
plane of our Meridian would passe, in which plane should also be the Axis of the 
Suns revolution, with its Poles, one towards us, that is, in the apparent 
Hemisphere, which Pole we will represent by the point E, and the other shall fall 
in the occult Hemisphere, and I mark it I. Inclining therefore the Axis EI, with 
the superiour part E, towards us, the great circle described by the Suns 
conversion, shall be this BFDG, whose half by us seen, namely BFD, shall no 
longer seem unto us a right line, by reason the Poles EI are not in the 
circumference ABCD, but shall appear incurvated, and with its convexity 


towards the inferiour part C. And it is manifest, that the same will appear in all 
the lesser circles parallel to the same BFD. It is to be understood also, that when 
the Earth shall be diametrically opposite to this state, so that it seeth the other 
Hemisphere of the Sun, which now is hid, it shall of the said great circle behold 
the part DGB incurved, with its convexity towards the superiour part A; and the 
courses of the spots in these constitutions shall be first, by the arch BFD, and 
afterwards by the other DGB, and the first apparitions and ultimate occultations 
made about the points B and D, shall be equilibrated, and not those that are more 
or lesse elevated than these. But if we constitute the Earth in such a place of the 
Ecliptick, that neither the boundary ABCD, nor the Meridian AC, passeth by the 
Poles of the Axis EI, as I will shew you anon, drawing this other Figure [viz. 
Fig. 6. ] wherein the apparent or visible Pole E falleth between the arch of the 
terminator AB, and the section of the Meridian AC; the diameter of the great 
circle shall be FOG, and the apparent semicircle FNG, and the occult semicircle 
GSF, the one incurvated with its convexity N towards the inferiour part, and the 
other also bending with its convexity S towards the upper part of the Sun. The 
ingressions and exitions of the spots, that is, the termes F and G shall not be 
librated, as the two others B and D; but F shall be lower, and G higher: but yet 
with lesser difference than in the first Figure. The arch also FNG shall be 
incurvated, but not so much as the precedent BFD; so that in this position the 
passages or motions of the spots shall be ascendent from the left side F, towards 
the right G, and shall be made by curved lines. And imagining the Earth to be 
constituted in the position diametrically opposite; so that the Hemisphere of the 
Sun, which was before the occult, may be the apparent, and terminated by the 
same boundary ABCD, it will be manifestly discerned, that the course of the 
spots shall be by the arch GSF, beginning from the upper point G, which shall 
then be likewise from the left hand of the beholder, and going to determine, 
descending towards the right, in the point F. What I have hitherto said, being 
understood, I believe that there remains no difficulty in conceiving how from the 
passing of the terminator of the Solar Hemispheres by the Poles of the Suns 
conversion, or neer or far from the same, do arise all the differences in the 
apparent courses of the spots; so that by how much the more those Poles shall be 
remote from the said terminator, by so much the more shall those courses be 
incurvated, and lesse oblique; whereupon at the same distance, that is, when 
those Poles are in the section of the Meridian, the incurvation is reduced to the 
greatest, but the obliquity to the least, that is to Aequilibrium, as the second of 
these three last figures [viz. Fig. 5. ] demonstrateth. On the contrary, when the 
Poles are in the terminator, as the first of these three figures [viz. Fig. 4. ] 


sheweth the inclination is at the greatest, but the incurvation at the least, and 
reduced to rectitude. The terminator departing from the Poles, the curvity begins 
to grow sensible, the obliquity all the way encreasing, and the inclination 
growing lesser. 


These are those admirable and extravagant mutations, that my Guest told me 
would from time to time appear in the progresses of the Solar spots, if so be it 
should be true that the annual motion belonged to the Earth, and that the Sun 
being constituted in the centre of the Ecliptick, were revolved in it self upon an 
Axis, not erect, but inclined to the Plane of the said Ecliptick. 


SAGR. 


I do now very well apprehend these consequences, and believe that they will be 
better imprinted in my fancy, when I shall come to reflect upon them, 
accommodating a Globe to those inclinations, and then beholding them from 
several places. It now remains that you tell us what followed afterwards touching 
the event of these imaginary consequences. 


SALV. 


It came to passe thereupon, The events being observed, were answerable to the 
predictions. that continuing many several moneths to make most accurate 
observations, noting down with great exactnesse the courses or transitions of 
sundry spots at divers times of the year, we found the events punctually to 
correspond to the predictions. 


SAGR. 


Simplicius, if this which Salviatus saith be true; (nor can we distrust him upon 
his word) the Ptolomeans and Aristoteleans had need of solid arguments, strong 
conjectures, and well grounded experiments to counterpoise an objection of so 
much weight, and to support their opinion from its final overthrow. 


SIMP. 


Fair and softly good Sir, for haply you may not yet be got" so far as you 
perswade your self you are gone. And though I am not an absolute master of the 
subject of that narration given us by Salviatus; Though the annual motion 
assigned to the Earth answerth to the Phaenomena of the solar spots, yet doth it 


not follow by conversion that from the Phaenomena of the spots one may inf r 
the annual motion to belong to the Earth. yet do I not find that my Logick, whilst 
I have a regard to form, teacheth me, that that kind of argumentation affords me 
any necessary reason to conclude in favour of the Copernican Hypothesis, that 
is, of the stability of the Sun in the centre of the Zodiack, and of the mobility of 
the Earth under its circumference. For although it be true, that the said 
conversion of the Sun, and cirnition of the Earth being granted, there be a 
necessity of discerning such and such strange extravagancies as these in the 
spots of the Sun, yet doth it not follow that arguing per conversum, from finding 
such like unusual accidents in the Sun, one must of necssity conclude the Earth 
to move by the circumference, and the Sun to be placed in the centre of the 
Zodiack. For who shall assertain me that the like irregularities may not as well 
be visible in the Sun, it being moveable by the Ecliptick, to the inhabitants of the 
Earth, it being also immoveable in the centre of the same? Unlesse you 
demonstrate to me, that there can be no reason given for that appearance, when 
the Sun is made moveable, and the Earth stable, I will not alter my opinion and 
belief that the Sun moveth, and the Earth standeth still. 


SAGR. 


Simplicius behaveth himself very bravely, and argueth very subtilly in defence 
of the cause of Aristotle and Ptolomy; and if I may speak the truth, mythinks that 
the conversation of Salviatus, though it have been but of small continuance, hath 
much farthered him in discoursing silogistically. An effect which I know to be 
wrought in others as well as him. But as to finding and judging whether 
competent reason may be rendered of the apparent exorbitancies and 
irregularities in the motions of the spots, supposing the Earth to be immoveable, 
and the Sun moveable, I shall expect that Salviatus manifest his opinion to us, 
for it is very probable that he he hath considered of the same, and collected 
together whatever may be said upon the point. 


SALV. 


I have often thought thereon, and also discoursed thereof with my Friend and 
Guest afore-named; and touching what is to be produced by Philosophers and 
Astronomers, in defence of the ancient Systeme, we are on one hand certain, 
certain I say, The Pure Peripatetick Philosophers will laugh at the spots and their 
Phaenomena, as illusions of the Chrystals in the Telescope. that the true and pure 
Peripateticks laughing at such as employ themselves in such, to their thinking, 


insipid fooleries, will censure all these Phaenomena to be vain illusions of the 
Christals; and in this manner will with little trouble free themselves from the 
obligation of studying any more upon the same. Again, as to the Astronomical 
Philosophers, after we have with some diligence weighed that which may be 
alledged as a mean between those two others, we have not been able to find out 
an answer that sufficeth to satisfie at once the course of the spots, and the 
discourse of the Mind. I will explain unto you so much as I remember thereof, 
that so you may judge thereon as seems best unto you. 


Supposing that the apparent motions of the Solar spots are the same with those 
that have been above declared, and supposing the Earth to be immoveable in the 
centre of the Ecliptick, in whose circumference let the center of the Sun be 
placed; it is necessary that of all the differences that are seen in those motions, 
the causes do reside in the motions that are in the body of the Sun: Which in the 
first place must necessarily revolve in it self (i. e. about its own axis) carrying 
the spots along therewith; If the Earth be immoveable in the centre of the 
Zodiack, there must be ascribed to the Sun four several motions, as is declared at 
length. which spots have been supposed, yea and proved to adhere to the Solar 
superficies. It must secondly be confest, that the Axis of the Solar conversion is 
not parallel to the Axis of the Ecliptick, that is as much as to say, that it is not 
perpendicularly erected upon the Plane of the Ecliptick, because if it were so, the 
courses and exitions of those spots would seem to be made by right lines parallel 
to the Ecliptick. The said Axis therefore is inclining, in regard the said courses 
are for the most part made by curve lines. It will be necessary in the third place 
to grant that the inclination of this Axis is not fixed, and continually extended 
towards one and the same point of the Universe, but rather that it doth alwayes 
from moment to moment go changing its direction; for if the pendency should 
always look towards the self same point, the courses of the spots would never 
change appearance; but appearing at one time either right or curved, bending 
upwards or downwards, ascending or descending, they would appear the same at 
all times. It is therefore necessary to say, that the said Axis is convertible; and is 
sometimes found to be in the Plane of the circle that is extreme, terminate, or of 
the visible Hemisphere, I mean at such time as the courses of the spots seem to 
be made in right lines, and more than ever pendent, which happeneth twice a 
year; and at other times found to be in the Plane of the Meridian of the 
Observator, in such sort that one of its Poles falleth in the visible Hemisphere of 
the Sun, and the other in the occult; and both of them remote from the extreme 
points, or we may say, from the poles of another Axis of the Sun, which is 
parallel to the Axis of the Ecliptick; (which second Axis must necessarily be 


assigned to the Solar Globe) remote, I say, as far as the inclination of the Axis of 
the revolution of the spots doth import; and moreover that the Pole falling in the 
apparent Hemisphere, is one while in the superiour, another while in the 
inferiour part thereof; for that it must be so, the courses themselves do 
manifestly evince at such time as they are equilibrated, and in their greatest 
curvity, one while with their convexity towards the upper part, and another while 
towards the lower part of the Solar Discus. And because those positions are in 
continuall alteration, making the inclinations and incurvations now greater, now 
lesser, and sometimes reduce themselves, the first sort to perfect libration, and 
the second to perfect perpendicularity, it is necessary to assert that the self same 
Axis of the monethly revolution of the spots hath a particular revolution of its 
own, whereby its Poles describe two circles about the Poles of another Axis, 
which for that reason ought (as I have said) to be assigned to the Sun, the 
semidiameter of which circles answereth to the quantity of the inclination of the 
said Axis. And it is necessary, that the time of its Period be a year; for that such 
is the time in which all the appearances and differences in the courses of the 
spots do return. And that the revolution of this Axis, is made about the Poles of 
the other Axis parallel to that of the Ecliptick, & not about other points, the 
greatest inclinations and greatest incurvations, which are always of the same 
bigness, do clearly prove. So that finally, to maintain the Earth fixed in the 
centre, it will be necessary to assign to the Sun, two motions about its own 
centre, upon two several Axes, one of which finisheth its conversion in a year, 
and the other in lesse than a moneth; which assumption seemeth, to my 
understanding, very hard, and almost impossible; and this dependeth on the 
necessity of ascribing to the said Solar body two other motions about the Earth 
upon different Axes, describing with one the Ecliptick in a year, and with the 
other forming spirals, or circles parallel to the Equinoctial one every day: 
whereupon that third motion which ought to be assigned to the Solar Clobe 
about its own centre (I mean not that almost monethly, which carrieth the spots 
about, but I speak of that other which ought to passe thorow the Axis and Poles 
of this monethly one) ought not, for any reason that I see, to finish its Period 
rather in a year, as depending on the annual motion by the Ecliptick, than in 
twenty four hours, as depending on the diurnal motion upon the Poles of the 
Equinoctial. I know, that what I now speak is very obscure, but I shall make it 
plain unto you, when we come to speak of the third motion annual, assigned by 
Copernicus, to the Earth. Now if these four motions, so incongruous with each 
other, (all which it would be necessary to assign to the self same body of the 
Sun) may be reduced to one sole and simple motion, assigned the Sun upon an 
Axis that never changeth position, and that without innovating any thing in the 


motions for so many other causes assigned to the Terrestrial Globe, may so 
easily salve so many extravagant appearances in the motions of the Solar spots, 
it seemeth really that such an Hypothesis ought not to be rejected. 


This, Simplicius, is all that came into the minds of our friend, and my self, that 
could be alledged in explanation of this Phaenomenon by the Copernicans, and 
by the Ptolomaeans, in defence of their opinions. Do you inferre from thence 
what your judgment perswades you. 


SIMP. 


I acknowledge my self unable to interpose in so important a decision: And, as to 
my particular thoughts, I will stand neutral; and yet neverthelesse I hope that a 
time will come, when our minds being illumin’d by more lofty contemplations 
than these our humane reasonings, we shall be awakened and freed from that 
mist which now is so great an hinderance to our sight. 


SAGR. 


Excellent and pious is the counsel taken by Simplicius, and worthy to be 
entertained and followed by all, as that which being derived from the highest 
wisdome and supreamest authority, may onely, with security be received. But 
yet so far as humane reason is permitted to penetrate, confining my self within 
the bounds of conjectures, and probable reasons, I will say a little more 
resolutely than Simplicius doth, that amongst all the ingenuous subtilties I ever 
heard, I have never met with any thing of greater admiration to my intellect, nor 
that hath more absolutely captivated my judgment, (alwayes excepting pure 
Geometrical and Arithmetical Demonstrations) than these two conjectures taken, 
the one from the stations and retrogradations of the five Planets, and the other 
from these irregularities of the motions of the Solar spots: and because they 
seem to me so easily and clearly to assign the true reason of so extravagant 
appearances, shewing as if they were but one sole simple motion, mixed with so 
many others, simple likewise, but different from each other, without introducing 
any difficulty, rather with obviating those that accompany the other Hypothesis; 
I am thinking that I may rationally conclude, that those who contumaciously 
withstand this Doctrine, either never heard, or never understood, these so 
convincing arguments. 


SALV. 


I will not ascribe unto them the title either of convincing, or non-convincing; in 
regard my intention is not, as I have several times told you, to resolve any thing 
upon so high a question, but onely to propose those natural and Astronomicall 
reasons, which, for the one and other Systeme, may be produced by me, leaving 
the determination to others; which determination cannot at last, but be very 
manifest: for one of the two positions being of necessity to be true, and the other 
of necessity to be false, it is a thing impossible that (alwayes confining our 
selves within the limits of humane doctrine) the reasons alledged for the true 
Hypothesis should not manifest themselves as concludent as those for the 
contrary vain and ineffectual. 


SAGR. 


It will be time therefore, that we hear the objections of the little Book off should 
have told you, that the true name of this concealed Authour is Christopher 
Scheinerus, and its title Disquisitiones Mathematica. Conclusions, or 
Disquisitions which Simplicius did bring with him. 


SIMP. 


Here is the Book, and this is the place where the Author first briefly describeth 
the Systeme of the world, according to the Hypothesis of Copernicus, saying, 
Terram igitur una cum Luna, totoque hoc elementari mundo Copernicus, &c. 


SALV. 


Forbear a little, Simplicius, for methinks that this Authour, in this first entrance, 
shews himself to be but very ill verst in the Hypothesis which he goeth about to 
confute, in regard, he saith that Copernicus maketh the Earth, together with the 
Moon, to describe thei. e. the Ecliptick grand Orb in a year moving from East to 
West; a thing that as it is false and impossible, so was it never affirmed by 
Copernicus, who rather maketh it to move the contrary way, I mean from West 
to East, that is, according to the order of the Signes; whereupon we come to 
think the same to be the annual motion of the Sun, constituted immoveable in the 
centre of the Zodiack. See the too adventurous confidence of this man; to 
undertake the confutation of anothers Doctrine, and yet to be ignorant of the 
primary fundamentals; upon which his adversary layeth the greatest and most 
important part of all the Fabrick. This is a bad beginning to gain himself credit 
with his Reader; but let us go on. 


SIMP. 


Having explained the Universal Systeme, he beginneth to propound his 
objections against this annual motion: and the first are these, which he citeth 
Ironically, and in derision of Copernicus, Instances of a certain Book Ironically 
propounded against Copernicus. and of his followers, writing that in this 
phantastical Hypothesis of the World one must necessarily maintain very grosse 
absurdities; namely, that the Sun, Venus, and Mercury are below the Earth; and 
that grave matters go naturally upwards, and the light downwards; and that 
Christ, our Lord and Redeemer, ascended into Hell, and descended into Heaven, 
when he approached towards the Sun, and that when Joshuah commanded the 
Sun to stand still, the Earth stood still, or the Sun moved a contrary way to that 
of the Earth; and that when the Sun is in Cancer, the Earth runneth through 
Capricorn; and that the Hyemal (or Winter) Signes make the Summer, and the 
Aestival Winter; and that the Stars do not rise and set to the Earth, but the Earth 
to the Stars; and that the East beginneth in the West, and the West in the East; 
and, in a word, that almost the whole course of the World is inverted. 


SALV. 


Every thing pleaseth me, except it be his having intermixed places out of the 
sacred Scriptures (alwayes venerable, and to be rever’d) amongst these, but two 
scurrilous fooleries, and attempting to wound with holy Weapons, those who 
Philosophating in jest, and for divertisement, neither affirm nor deny, but, some 
presupposals and positions being assumed, do familiarly argue. 


SIMP. 


Truth is, he hath displeased me also, and that not a little; and especially, by 
adding presently after that, howbeit, the Copernichists answer, though but very 
impertinently to these and such like other reasons, yet can they not reconcile nor 
answer those things that follow. 


SALV. 


This is worse than all the rest; for he pretendeth to have things more efficacious 
and concludent than the Authorities of the sacred Leaves; But I pray you, let us 
reverence them, and passe on to natural and humane reasons: and yet if he give 
us amongst his natural arguments, things of no more solidity, than those hitherto 
alleadged, we may wholly decline this undertaking, for I as to my own 


parricular, do not think it fit to spend words in answering such trifling 
impertinencies. And as to what he saith, that the Copernicans answer to these 
objections, it is most false, nor may it be thought, that any man should set him 
self to wast his time so unprofitably. 


SIMP. 


I concur with you in the same judgement; Supposing the annual motion to 
belong to the Earth, it followeth, that one fixed Star, is bigger than the whole 
grand Orb. therefore let us hear the other instances that he brings, as much 
stronger. And observe here, how he with very exact computations concludeth, 
that if the grand Orb of the Earth, or the ecliptick, in which Copernicus maketh it 
to run in a year round the Sun, should be as it were, insensible, in respect of the 
immensitie of the Starry Sphaere, according as the said Copernicus, saith it is to 
be supposed, it would be necessary to grant and confirm, that the fixed Stars 
were remote from us, an unconceivable distance, and that the lesser of them, 
were bigger than the whole grand Orb aforesaid, and some other much bigger 
than the whole Sphaere of Saturn; Masses certainly too excessively vast, 
unimaginable, and incredible. 


SALV. 


I have heretofore seen such another objection brought by Tycho against 
Copernicus, Tycho his Argument grounded upon a false Hypothesis. and this is 
not the first time that I have discovered the fallacy, or, to say better, the fallacies 
of this Argumemtation, founded upon a most false Hypothesis, and upon a 
Proposition of the said Copernicus, Litigious Lawyers that are extertained in an 
ill cause, keep close to s me ex ression fallen from the adverse party at unawares. 
understood by his adversaries, with too punctual a nicity, according to the 
practise of those pleaders, who finding the flaw to be in the very merit of their 
cause, keep to some one word, fallen unawares from the contrary partie, and fly 
out into loud and tedious descants upon that. But for your better information; 
Copernicus having declared those admirable consequences which are derived 
from the Earths annual motion, to the other Planets, that is to say, of theOr 
progressions. directions and retrogradations of the three uppermost in particular; 
The apparent diversity of motion in the Planets, is insensible in the fixed Stars. 
he subjoyneth, that this apparent mutation (which is discerned more in Mars than 
in Jupiter, by reason Jupiter is more remote, and yet lesse in Saturn, by reason it 
is more remote than Jupiter) in the fixed Stars, did remain imperceptible, by 


reason of their immense remotenesse from us, in comparison of the distances of 
Jupiter or Saturn. Here the Adversaries of this opinion rise up, and supposing 
that fore-named imperceptibility of Copernicus, as if it had been taken by him, 
for a real and absolute thing of nothing, and adding, that a fixed Star of one of 
the lesser magnitudes, is notwithstanding perceptible, seeing that it cometh under 
the sence of seeing, they go on to calculate with the intervention of other false 
assumptions, and concluding that it is necessary by the Copernican Doctrine, to 
admit, that a fixed Star is much bigger than the whole grand Orb. Supposing that 
a fixed Star of the sixth magnitude is no bigger than the Sun, the diversitie which 
is so great in the Planets, in the fixed Stars is almost insensible. Now to discover 
the vanity of this their whole proceeding, I shall shew that a fixed Star of the 
sixth magnitude, being supposed to be no bigger than the Sun, one may thence 
conclude with true demonstrations, that the distance of the said fixed Stars from 
us, cometh to be so great, that the annual motion of the Earth, which causeth so 
great and notable variations in the Planets, appears scarce observable in them; 
and at the same time, I will distinctly shew the gross fallacies, in the assumptions 
of Copernicus his Adversaries. 


And first of all, The distance of the Sun, containeth 1208 Semid. of the Earth. I 
suppose with the said Copernicus, and also with his opposers, that the 
Semidiameter of the grand Orb, which is the distance of the Earth from the Sun, 
containeth 1208 Semidiameters of the said Earth. Secondly, I premise with the 
allowance aforesaid, and of truth, that theThe Diameter of the Sun, half a degree. 
apparent diameter of the Sun in its mean distance, to be about half a degree, that 
is, 30. min. prim. which are 1800. seconds, that is, 108000. thirds. And because 
the apparent Diameter of a fixed Star of the first magnitude, The Diameter of a 
fixed Star, of the first magnitude, and of one of the sixth. is no more than 5. 
seconds, that is, 300. thirds, and the Diameter of a fixed Star of the sixth 
magnitude, 50. thirds, (and herein is the greatest errour of the Anti-Copernicans) 
Therefore the Diameter of the Sun, The apparent Diameter of the Sun, how 
much it is bigger than that of a fixed star. containeth the Diameter of a fixed Star 
of the sixth magnitude 2160. times. And therefore if a fixed Star of the sixth 
magnitude, were supposed to be really equal to the Sun, and not bigger, which is 
the same as to say, if the Sun were so far removed, that its Diameter should seem 
to be one of the 2160. parts of what it now appeareth, its distance ought of 
necessity to be 2160. times greater than now in effect it is, which is as much as 
to say, that the distance of the fixed Stars of the sixth magnitude, is 2160. 
Semidiameters of the grand Orb. The distance of a fixed star of the sixth 
magnitude, how much it is, the star being supposed to be equal to the Sun. And 


because the distance of the Sun from the Earth, contains by common consent 
1208. Semidiameters of the said Earth, and the distance of the fixed Stars (as 
hath been said) 2160. Semediameters of the grand Orb, therefore the 
Semidiameter of the Earth is much greater (that is almost double) in comparison 
of the grand Orb, than the Semidiameter of the grand Orb, in relation to the 
distance of the Starry Sphaere; In the fixed stars the diversitie of aspect, caused 
by the grand Orb, is little more then that caused by the Earth in the Sun. and 
therefore the variation of aspect in the fixed Stars, caused by the Diameter of the 
grand Orb, can be but little more observable, than that which is observed in the 
Sun, occasioned by the Semidiameter of the Earth. 


SAGR. 
This is a great fall for the first step. 
SALV. 


It is doubtlesse an errour; for a fixed Star of the sixth magnitude, A star of the 
sixth magnitude, supposed by Tycho and the Authour of the Book of 
Conclusions, an hundred and six milions of times bigger than needs. which by 
the computation of this Authour, ought, for the upholding the proposition of 
Copernicus, to be as big as the whole grand Orb, onely by supposing it equal to 
the Sun, which Sun is lesse by far, than the hundred and six millionth part of the 
said grand Orb, maketh the starry Sphaere so great and high as sufficeth to 
overthrow the instance brought against the said Copernicus. 


SAGR. 
Favour me with this computation. 
SALV. 


The supputation is easie and short. The Diameter of the Sun, The computation of 
the magnitude of the fixed Stars, in respect to the grand Orb. is eleven 
semidiameters of the Earth, and the Diameter of the grand Orb, contains 2416. of 
those same semidiameters, by the ascent of both parties; so that the Diameter of 
the said Orb, contains the Suns Diameter 220. times very near. And because the 
Spheres are to one another, as the Cubes of their Diameters, let us make the 
Cube of 220. which is 106480000. and we shall have the grand Orb, an hundred 
and six millions, four hundred and eighty thousand times bigger than the Sun, to 


which grand Orb, a star of the sixth magnitude, ought to be equal, according to 
the assertion of this Authour. 


SAGR. 


The errour then of these men, consisteth in being extreamly mistaken, in taking 
the apparent Diameter of the fixed Stars. 


SALV. 


This is one, but not the onely errour of them; and indeed, A common errour of 
all the Astronomers, touching the magnitude of the stars. I do very much admire 
how so many Astronomers, and those very famous, as are Alfagranus, 
Albategnus, Tebizius, and much more modernly the Tycho’s and Clavins’s, and 
in sum, all the predecessors of our Academian, should have been so grosly 
mistaken, in determining the magnitudes of all the Stars, as well fixed as 
moveable, the two Luminaries excepted out of that number; and that they have 
not taken any heed to the adventitious irradiations that deceitfully represent them 
an hundred and more times bigger, than when they are beheld, without those 
capillious rayes, nor can this their inadvertency be excused, in regard that it was 
in their power to have beheld them at their pleasure without those tresses, which 
is done, by looking upon them at their first appearance in the evening, Venus 
renders the errour of Astronomers in determining the magnitudes of stars 
inexcusable. or their last occultation in the comming on of day; and if none of 
the rest, yet Venus, which oft times is seen at noon day, so small, that one must 
sharpen the sight in discerning it; and again, in the following night, seemeth a 
great flake of light, might advertise them of their fallacy; for I will not believe 
that they thought the true Discus to be that which is seen in the obscurest 
darknesses, and not that which is discerned in the luminous Medium: for our 
lights, which seen by night afar off appear great, and neer at hand shew their true 
lustre to be terminate and small, might have easily have made them cautious; 
nay, if I may freely speak my thoughts, I absolutely believe that none of them, 
no not Tycho himself, so accurate in handling Astronomical Instruments, and 
that so great and accurate, without sparing very great cost in their construction, 
did ever go about to take and measure the apparent diameter of any Star, the Sun 
and Moon excepted; but I think, that arbitrarily, and as we say, with the eye, 
some one of the more antient of them pronounced the thing to be so and so, and 
that all that followed him afterwards, without more ado, kept close to what the 


first had said; for if any one of them had applied himself to have made some new 
proof of the same, he would doubtlesse have discovered the fraud. 


SAGR. 


But if they wanted the Telescope, and you have already said, that our Friend 
with that same Instrument came to the knowledge of the truth, they ought to be 
excused, and not accused of ignorance. 


SALV. 


This would hold good, if without the Telescope the businesse could not be 
effected. Its true, that this Instrument by shewing the Discus of the Star naked, 
and magnified an hundred or a thousand times, rendereth the operation much 
more easie, but the same thing may be done, although not altogether so exactly, 
without the Instrument, and I have many times done the same, and my method 
therein was this. I have caused a rope to be hanged towards some Star, A way to 
measure the apparent diameter of a star. and I have made use of the 
Constellation, called the Harp, which riseth between the North andRendred in 
Latine Corum, that is to say, North-west. North-east, and then by going towards, 
and from the said rope, interposed between me and the Star, I have found the 
place from whence the thicknesse of the rope hath just hid the Star from me: this 
done, I have taken the distance from the eye to the rope, which was one of the 
sides including the angle that was composed in the eye, andi. e. Is subtended by. 
which insisteth upon the thicknesse of the rope, and which is like, yea the same 
with the angle in the Starry Sphere, that insisteth upon the diameter of the Star, 
and by the proportion of the ropes thicknesse to the distance from the eye to the 
rope, by the table of Arches and Chords, I have immediately found the quantity 
of the angle; using all the while the wonted caution that is observed in taking 
angles so acute, not to forme the concourse of the visive rayes in the centre of 
the eye, where they are onely refracted, but beyond the eye, where really the 
pupils greatnesse maketh them to concur. 


SAGR. 


I apprehend this your cautelous procedure, albeit I have a kind of haesitancy 
touching the same, but that which most puzzleth me is, that in this operation, if it 
be made in the dark of night, methinks that you measure the diameter of the 
irradiated Discus, and not the true and naked face of the Star. 


SALV. 


Not so, Sir, for the rope in covering the naked body of the Star, taketh away the 
rayes, which belong not to it, but to our eye, of which it is deprived so soon as 
the true Discus thereof is hid; and in making the observation, you shall see, how 
unexpectedly a little cord will cover that reasonable big body of light, which 
seemed impossible to be hid, unlesse it were with a much broader Screene: to 
measure, in the next place, and exactly to find out, how many of those 
thicknesses of the rope interpose in the distance between the said rope and the 
eye, I take not onely one diameter of the rope, but laying many pieces of the 
same together upon a Table, so that they touch, I take with a pair of Compasses 
the whole space occupied by fifteen, or twenty of them, and with that measure I 
commensurate the distance before with another smaller cord taken from the rope 
to the concourse of the visive rayes. And with this sufficiently-exact operation I 
finde the apparent diameter of a fixed Star of the first magnitude, commonly 
esteemed to be 2 min. pri. and also 3 min. prim. by Tycho in his Astronomical 
Letters, The diameter of a fixed star of the first magnitude not more than five 
sec. min. ca. to be no more than 5 seconds, which is one of the 24. or 36. parts of 
what they have held it: see now upon what grosse errours their Doctrines are 
founded. 


SAGR. 


I see and comprehend this very well, but before we passe any further, I would 
propound the doubt that ariseth in me in the finding the concourse [or 
intersection] of the visual rayes beyond the eye, when observation is made of 
objects comprehended between very acute angles; and my scruple proceeds from 
thinking, that the said concourse may be sometimes more remote, and sometimes 
lesse; and this not so much, by meanes of the greater or lesser magnitude of the 
object that is beheld, as because that in observing objects of the same bignesse, it 
seems to me that the concourse of the rayes, for certain other respects ought to 
be made more and lesse remote from the eye. 


SALV. 


Į see already, whither the apprehension of Sagredus, a most diligent observer of 
Natures secrets, tendeth; and I would lay any wager, The circle of the pupil of 
the eye enlargeth and contracteth. that amongst the thousands that have observed 
Cats to contract and inlarge the pupils of their eyes very much, there are not two, 


nor haply one that hath observed the like effect to be wrought by the pupils of 
men in seeing, whilst the medium is much or little illumin’d, and that in the open 
light the circlet of the pupil diminisheth considerably: so that in looking upon the 
face or Discus of the Sun, it is reduced to a smallnesse lesser than a grain 
ofPanicum, a small grain like to Mill, I take it to be the same with that called 
Bird Seed. Panick, and in beholding objects that do not shine, and are in a lesse 
luminous medium, it is inlarged to the bignesse of a Lintel or more; and in 
summe this expansion and contraction differeth in more than decuple proportion: 
From whence it is manifest, that when the pupil is much dilated, it is necessary 
that the angle of the rayes concourse be more remote from the eye; which 
happeneth in beholding objects little luminated. This is a Doctrine which 
Sagredus hath, just now, given me the hint of, whereby, if we were to make a 
very exact observation, and of great consequence, we are advertized to make the 
observation of that concourse in the act of the same, or just such another 
operation; but in this our case, wherein we are to shew the errour of 
Astronomers, this accuratenesse is not necessary: for though we should, in 
favour of the contrary party, suppose the said concourse to be made upon the 
pupil it self, it would import little, their mistake being so great. I am not certain, 
Sagredus, that this would have been your objection. 


SAGR. 


It is the very same, and I am glad that it was not altogether without reason, as 
your concurrence in the same assureth me; but yet upon this occasion I would 
willingly hear what way may be taken to finde out the distance of the concourse 
of the visual rayes. 


SALV. 


The method is very easie, and this it is, I take two longStrisce. How to find the 
distance of the rays concourse from the pupil. labels of paper, one black, and the 
other white, and make the black half as broad as the white; then I stick up the 
white against a wall, and far from that I place the other upon a stick, or other 
support, at a distance of fifteen or twenty yards, and receding from this, second 
another such a space in the same right line, it is very manifest, that at the said 
distance the right lines will concur, that departing from the termes of the breadth 
of the white piece, shall passe close by the edges of the other label placed in the 
mid-way; whence it followeth, that in case the eye were placed in the point of 
the said concourse or intersection, the black slip of paper in the midst would 


precisely hide the opposite blank, if the sight were made in one onely point; but 
if we should find, that the edges of the white cartel appear discovered, it shall be 
a necessary argument that the visual rayes do not issue from one sole point. And 
to make the white label to be hid by the black, it will be requisite to draw neerer 
with the eye: Therefore, having approached so neer, that the intermediate label 
covereth the other, and noted how much the required approximation was, the 
quantity of that approach shall be the certain measure, how much the true 
concourse of the visive rayes, is remote from the eye in the said operation, and 
we Shall moreover have the diameter of the pupil, or of that circlet from whence 
the visive rayes proceed: for it shall be to the breadth of the black paper, as is the 
distance from the concourse of the lines, that are produced by the edges of the 
papers to the place where the eye standeth, when it first seeth the remote paper to 
be hid by the intermediate one, as that distance is, I say, to the distance that is 
between those two papers. And therefore when we would, with exactnesse, 
measure the apparent diameter of a Star, having made the observation in manner, 
as aforesaid, it would be necessary to compare the diameter of the rope to the 
diameter of the pupil; and having found v. g. the diameter of the rope to be 
quadruple to that of the pupil, and the distance of the eye from the rope to be, for 
example, thirty yards, we would say, that the true concourse of the lines 
produced from the ends or extremities of the diameter of the star, by the 
extremities of the diameter of the rope, doth fall out to be fourty yards remote 
from the said rope, for so we shall have observed, as we ought, the proportion 
between the distance of the rope from the concourse of the said lines, and the 
distance from the said concourse to the place of the eye, which ought to be the 
same that is between the diameter of the rope, and diameter of the pupil. 


SAGR. 


I have perfectly understood the whole businesse, and therefore let us hear what 
Simplicius hath to alledge in defence of the Anti-Copernicans. 


SIMP. 


Albeit that grand and altogether incredible inconvenience insisted upon by these 
adversaries of Copernicus be much moderated and abated by the discourse of 
Salviatus, yet do I not think it weakened so, as that it hath not strength enough 
left to foil this same opinion. For, if I have rightly apprehended the chief and 
ultimate conclusion, in case, the stars of the sixth magnitude were supposed to 
be as big as the Sun, (which yet I can hardly think) yet it would still be true, that 


the grand Orb [or Ecliptick] would occasion a mutation and variation in the 
starry Sphere, like to that which the semidiameter of the Earth produceth in the 
Sun, which yet is observable; so that neither that, no nor a lesse mutation being 
discerned in the fixed Stars, methinks that by this means the annual motion of 
the Earth is destroyed and overthrown. 


SALV. 


You might very well so conclude, Simplicius, if we had nothing else to say in 
behalf of Copernicus: but we have many things to alledge that yet have not been 
mentioned; and as to that your reply, nothing hindereth, but that we may suppose 
the distance of the fixed Stars to be yet much greater than that which hath been 
allowed them, and you your self, and whoever else will not derogate from the 
propositions admitted by Piolomy’s sectators, must needs grant it as a thing most 
requisite to suppose the Starry Sphere to be very much bigger yet than that 
which even now we said that it ought to be esteemed. All Astronomers agree that 
the greater magnitudes of the Orbes is the cause of the tardity of the conversions. 
For all Astronomers agreeing in this, that the cause of the greater tardity of the 
Revolutions of the Planets is, the majority of their Spheres, and that therefore 
Saturn is more slow than Jupiter, and Jupiter than the Sun, for that the first is to 
describe a greater circle than the second, and that than this later, &c. confidering 
that Saturn v. g. the altitude of whose Orb is nine times higher than that of the 
Sun, and that for that cause the time of one Revolution of Saturn, is thirty times 
longer than that of a conversion of the Sun, in regard that according to the 
Doctrine of Ptolomy, one conversion of the starry Sphere is finished in 36000. 
years, whereas that of Saturn is consummate in thirty, and that of the Sun in one, 
By another supposition taken from Astronomers, the distance of the fixed Stars 
is calculated to be 10800 semidiameters of the grand Orb. arguing with a like 
proportion, and saying, if the Orb of Saturn, by reason it is nine times bigger 
than that of the Sun, revolves in a time thirty times longer, by conversion, how 
great ought that Orb to be, which revolves 36000. times more slowly? it shall be 
found that the distance of the starry Sphere ought to be 10800 semidiameters of 
the grand Orb, which should be full five times bigger than that, which even now 
we computed it to be, in case that a fixed Star of the sixth magnitude were equal 
to the Sun. Now see how much lesser yet; upon this account, the variation 
occasioned in the said Stars, by the annual motion of the Earth, ought to appear. 
And if at the same rate we would argue the distance of the starry Sphere from 
Jupiter, By the proportion of Jupiter and of Mars, the starry Sphere is found to be 
yet more remo e. and from Mars, that would give it us to be 15000. and this 


27000 semidiameters of the grand Orb, to wit, the first seven, and the second 
twelve times bigger than what the magnitude of the fixed Star, supposed equal to 
the Sun, did make it. 


SIMP. 


Methinks that to this might be answered, that the motion of the starry Sphere 
hath, since Ptolomy, been observed not to be so slow as he accounted it; yea, if I 
mistake not, I have heard that Copernicus himself made the Observation. 


SALV. 


You say very well; but you alledge nothing in that which may favour the cause 
of the Ptolomaeans in the least, who did never yet reject the motion of 36000. 
years in the starry Sphere, for that the said tardity would make it too vast and 
immense. For if that the said immensity was not to be supposed in Nature, they 
ought before now to to have denied a conversion so slow as that it could not with 
good proportion adapt it self, save onely to a Sphere of monstrous magnitude. 


SAGR. 


Pray you, Salviatus, let us lose no more time in proceeding, by the way of these 
proportions with people that are apt to admit things most disproportionate; so 
that its impossible to win any thing upon them this way: and what more 
disproportionate proportion can be imagined than that which these men swallow 
down, and admit, in that writing, that there cannot be a more convenient way to 
dispose the Coelestial Spheres, in order, than to regulate them by the differences 
of the times of their periods, placing from one degree to another the more slow 
above the more swift, when they have constituted the Starry Sphere higher than 
the rest, as being the slowest, they frame another higher still than that, and 
consequently greater, and make it revolve in twenty four hours, whilst the next 
below, it moves not round under 36000. years? 


SALV. 


I could wish, Simplicius, that suspending for a time the affection rhat you bear to 
the followers of your opinion, you would sincerely tell me, whether you think 
that they do in their minds comprehend that magnitude, which they reject 
afterwards as uncapable for its immensity to be ascribed to the Universe. For I, 
Imme se magnitudes and numbers are incomprehensible by our understanding. 


as to my own part, think that they do not; But believe, that like as in the 
apprehension of numbers, when once a man begins to passe those millions of 
millions, the imagination is confounded, and can no longer form a conceipt of 
the same, so it happens also in comprehending immense magnitudes and 
distances; so that there intervenes to the comprehension an effect like to that 
which befalleth the sense; For whilest that in a serene night I look towards the 
Stars, I judge, according to sense, that their distance is but a few miles, and that 
the fixed Stars are not a jot more remote than Jupiter or Saturn, nay than the 
Moon. But without more ado, consider the controversies that have past between 
the Astronomers and Peripatetick Philosophers, upon occasion of the new Stars 
of Cassiopeia and of Sagittary, the Astronomers placing them amongst the fixed 
Stars, and the Philosophers believing them to be below the Moon. So unable is 
our sense to distinguish great distances from the greatest, though these be in 
reality many thousand times greater than those. In a word, I ask of thee, O 
foolish man! Doth thy imagination comprehend that vast magnitude of the 
Universe, wh ch thou afterwards judgest to be too immense? If thou 
comprehendest it; wilt thou hold that thy apprehension extendeth it self farther 
than the Divine Power? wilt thou say, that thou canst imagine greater things than 
those which God can bring to passe? But if thou apprehendest it not, why wilt 
thou passe thy verdict upon things beyond thy comprehension? 


SIMP. 


All this is very well, nor can it be denied, but that Heaven may in greatnesse 
surpasse our imagination, as also that God might have created it thousands of 
times vaster than now it is; but we ought not to grant any thing to have been 
made in vain, and to be idle in the Universe. Now, in that we see this admirable 
order of the Planets, disposed about the Earth in distances proportionate for 
producing their effects for our advantage, to what purpose is it to interpose 
afterwards between the sublime Orb of Saturn and the starry Sphere, a vast 
vacancy, without any star that is superfluous, and to no purpose? To what end? 
For whose profit and advantage? 


SALV. 


Methinks we arrogate too much to our selves, Simplicius, whilst we will have it, 
that the onely care of us, is the adaequate work, and bound, beyond which the 
Divine Wisdome and Power doth, or disposeth of nothing. But I will not consent, 
that we should so much shorten its hand, but desire that we may content our 
selves with an assurance that God and Nature are so imployed in the governing 
of humane affairs, God & Nature do imploy themselves in caring for men, as if 
they minded nothing else. that they could not more apply themselves thereto, 
although they had no other care than onely that of mankind; and this, I think, I 
am able to make out by a most pertinent and most noble example, taken from the 
operation of the Suns light, which whilest it attracteth these vapours, An 
example of Gods care of mankind taken from the Sun. or scorcheth that plant, it 
attracteth, it scorcheth them, as if it had no more to do; yea, in ripening that 
bunch of grapes, nay that one single grape, it doth apply it self so, that it could 
not be more intense, if the sum of all its business had been the only maturation 
of that grape. Now if this grape receiveth all that it is possible for it to receive 
from the Sun, not suffering the least injury by the Suns production of a thousand 
other effects at the same time; it would be either envy or folly to blame that 
grape, if it should think or wish that the Sun would onely appropriate its rayes to 
its advantage. I am confident that nothing is omitted by the Divine Providence, 
of what concernes the government of humane affairs; but that there may not be 
other things in the Universe, that depend upon the same infinite Wisdome, I 
cannot, of my self, by what my reason holds forth to me, bring my self to 
believe. However, if it were not so, yet should I not forbear to believe the 
reasons laid before me by some more sublime intelligence. In the mean time, if 
one should tell me, that an immense space interposed between the Orbs of the 
Planets and the Starry Sphere, deprived of stars and idle, would be vain and 
uselesse, as likewise that so great an immensity for receipt of the fixed stars, as 


exceeds our utmost comprehension would be superfluous, I would reply, that it 
is rashnesse to go about to make our shallow reason judg of the Works of God, 
and to call vain and superfluous, whatsoever thing in the Universe is not 
subservient to us. 


SAGR. 


Say rather, It is great rashnesse to censure that to be superfluous in h Il verse, 
which we do not perceive to be made for us. and I believe you would say better, 
that we know not what is subservient to us; and I hold it one of the greatest 
vanities, yea follies, that can be in the World, to say, because I know not of what 
use Jupiter or Saturn are to me, that therefore these Planets are superfluous, yea 
more, that there are no such things in rerum natura; when as, oh foolish man! I 
know not so much as to what purpose the arteries, the gristles, the spleen, the 
gall do serve; nay I should not know that I have a gall, spleen, or kidneys, if in 
many desected Corps, they were not shewn unto me; and then onely shall I be 
able to know what the spleen worketh in me, when it comes to be taken from me. 
To be able to know what this or that Coelestial body worketh in me (seeing you 
will have it that all their influences direct themselves to us) it would be requisite 
to remove that body for some time; By depriving Heaven of some star, one 
might come to know what influence it hath upon us. and then whatsoever effect I 
should find wanting in me, I would say that it depended on that star. Moreover, 
who will presume to say that the space which they call too vast and uselesse 
between Saturn and the fixed stars, is void of other mundane bodies? Must it be 
so, Many things may be in Heaven, that are invisible to us. because we do not 
see them? Then the four Medicean Planets, and the companions of Saturn came 
first into Heaven, when we began to see them, and not before? And by this rule 
the innumerable other fixed stars had no existence before that men did look on 
them? and the cloudy constellations called Nebulosae were at first only white 
flakes, but afterwards with the Telescope we made them to become 
constellations of many lucid and bright stars. Oh presumptious, rather oh rash 
ignorance of man! 


SALV. 


Its to no purpose Sagredus, to sally out any more into these unprofitable 
exaggerations: Let us pursue our intended designe of examining the validity of 
the reasons alledged on either side, without determining any thing, remitting the 
judgment thereof when we have done, to such as are more knowing. Returning 


therefore to our natural and humane disquisitions, I say, Great, small, immense, 
&c. are relative terms. that great, little, immense, small, &c. are not absolute, but 
relative terms, so that the self same thing compared with divers others, may one 
while be called immense, and another while imperceptible, not to say small. 
This being so, I demand in relation to what the Starry Sphere of Copernicus may 
be called over vast. In my judgment it cannot be compared, or said to be such, 
unlesse it be in relation to some other thing of the same kind; Vanity of those 
mens discourse who judg the starry sphere too vast in the Copernican 
Hypothesis. now let us take the very least of the same kind, which shall be the 
Lunar Orb; and if the Starry Orb may be so censured to be too big in respect to 
that of the Moon, every other magnitude that with like or greater proportion 
exceedeth another of the same kind, ought to be adjudged too vast, and for the 
same reason to be denied that they are to be found in the World; and thus an 
Elephant, and a Whale, shall without more ado be condemned for Chymaera’s, 
and Poetical fictions, because that the one as being too vast in relation to an Ant, 
which is a Terrestrial animal, and the other in respect to theSpelloncola, which is 
here put for the | ast of Fishes. Gudgeon, which is a Fish, and are certainly seen 
to be in rerum natura, would be too immeasurable; for without all dispute, the 
Elephant and Whale exceed the Ant and Gudgeon in a much greater proportion 
than the Starry Sphere doth that of the Moon, although we should fancy the said 
Sphere to be as big as the Copernican Systeme maketh it. The space assigned to 
a fixed star, is much lesse than that of a Planet. Moreover, how hugely big is the 
Sphere of Jupiter, or that of Saturn, designed for a receptacle but for one single 
star; and that very small in comparison of one of the fixed? Certainly if we 
should assign to every one of the fixed stars for its receptacle so great a part of 
the Worlds space, it would be necessary to make the Orb wherein such 
innumerable multitudes of them reside, very many thousands of times bigger 
than that which serveth the purpose of Copernicus. A star is called in respect of 
the space that environs it. Besides, do not you call a fixed star very small, I mean 
even one of the most apparent, and not one of those which shun our sight; and do 
we not call them so in respect of the vast space circumfused? Now if the whole 
Starry Sphere were one entire lucid body; The whole starry sphere behold from a 
great distance might appear as small as one single star. who is there, that doth 
not know that in an infinite space there might be assigned a distance so great, as 
that the said lucid Sphere might from thence shew as little, yea lesse than a fixed 
star, now appeareth beheld from the Earth? From thence therefore we should 
then judg that self same thing to be little, which now from hence we esteem to be 
immeasurably great. 


SAGR. 


Great in my judgment, is the folly of those who would have had God to have 
made the World more proportinal to the narrow capacities of their reason, than to 
his immense, rather infinite power. 


SIMP. 


All this that you say is very true; but that upon which the adversary makes a 
scruple, is, to grant that a fixed star should be not onely equal to, but so much 
bigger than the Sun; when as they both are particular bodies situate within the 
Starry Orb: And indeed in my opinion this Authour very pertinently questioneth 
and asketh: “To what end, and for whose sake are such huge machines made? 
Instances of the Authour of the Conclusions by way of interogation. Were they 
produced for the Earth, for an inconsiderable point? And why so remote? To the 
end they might seem so very small, and might have no influence at all upon the 
Earth? To what purpose is such a needlesse monstrousOr Gulph. immensity 
between them and Saturn?’ All those assertions fall to the ground that are not 
upheld by probable reasons. 


SALV. 


I conceive by the questions which this person asketh, that one may collect, 
Answers to the interrogatories of the said Authour. that in case the Heavens, the 
Stars, and the quantity of their distances and magnitudes which he hath hitherto 
held, be let alone, (although he never certainly fancied to himself any 
conceivable magnitude thereof) he perfectly discerns and comprehends the 
benefits that flow from thence to the Earth, which is no longer an inconsiderable 
thing; nor are they any longer so remote as to appeare so very small, but big 
enough to be able to operate on the Earth; and that the distance between them 
and Saturn is very well proportioned, and that he, for all these things, hath very 
probable reasons; of which I would gladly have heard some one: The Authour of 
the Conclusions confound and contradicts himself in his interrogations. but 
being that in these few words he confounds and contradicts himself, it maketh 
me think that he is very poor and ill furnished with those probable reasons, and 
that those which he calls reasons, are rather fallacies, or dreams of an over- 
weening fancy. For I ask of him, whether these Celestial bodies truly operate on 
the Earth, Interrogatories put to the Authour of the Conclusions, by which the 
weaknesse of his is made appear. and whether for the working of those effects 


they were produced of such and such magnitudes, and disposed at such and such 
distances, or else whether they have nothing at all to do with Terrene mattets. If 
they have nothing to do with the Earth; it is a great folly for us that are Earth- 
born, to offer to make our selves arbitrators of their magnitudes, and regulators 
of their local dispositions, seeing that we are altogether ignorant of their whole 
businesse and concerns; but if he shall say that they do operate, and that they are 
directed to this end, he doth affirm the same thing which a little before he 
denied, and praiseth that which even now he condemned, in that he said, that the 
Celestial bodies situate so far remote as that they appear very small, cannot have 
any influence at all upon the Earth. But, good Sir, in the Starry Sphere pre- 
established at its present distance, and which you did acknowledg to be in your 
judgment, well proportioned to have an influence upon these Terrene bodies, 
many stars appear very small, and an hundred times as many more are wholly 
invisible unto us (which is an appearing yet lesse than very small) therefore it is 
necessary that (contradicting your self) you do now deny their operation upon 
the Earth; or else that (still contradicting your self) you grant that their appearing 
very small doth not in the least lessen their influence; or else that (and this shall 
be a more sincere and modest concession) you acknowledg and freely confesse, 
that our passing judgment upon their magnitudes and distances is a vanity, not to 
say presumption or rashnesse. 


SIMP. 


Truth is, I my self did also, in reading this passage perceive the manifest 
contradiction, in saying, that the Stars (if one may so speak) of Copernicus 
appearing so very small, could not operate on the Earth, and not perceiving that 
he had granted an influence upon the Earth to those of Ptolomy, and his 
sectators, which appear not only very small, but are, for the most part, very 
invisible. 


SALV. 


But I proceed to another consideration: What is the reason, doth he say, why the 
stars appear so little? Is it haply, because they seem so to us?That remote objects 
appeare so small, is the defect of the eye, as is demonstrated. Doth not he know, 
that this commeth from the Instrument that we imploy in beholding them, to wit, 
from our eye? And that this is true, by changing Instrument, we shall see them 
bigger and bigger, as much as we will. And who knows but that to the Earth, 
which beholdeth them without eyes, they may not shew very great, and such as 


in reality they are? But it’s time that, omitting these trifles, we come to things of 
more moment; and therefore I having already demonstrated these two things: 
First, how far off the Firmament ought to be placed to make, that the grand Orb 
causeth no greater difference than that which the Terrestrial Orb occasioneth in 
the remotenesse of the Sun; And next, how likewise to make that a star of the 
Firmament appear to us of the same bignesse, as now we see it, it is not 
necessary to suppose it bigger than the Sun; I would know whether Tycho, or 
any of his adherents hath ever attempted to find out, by any means, whether any 
appearance be to be discovered in the starry Sphere, upon which one may the 
more resolutely deny or admit the annual motion of the Earth. 


SAGR. 


I would answer for them, that there is not, no nor is there any need there should; 
Tycho nor his followers ever attempted to see whether there are any appearances 
in the Firmament for or against the annual m tion. seeing that it is Copernicus 
himself that saith, that no such diversity is there: and they, arguing ad hominem, 
admit him the same; and upon this assumption they demonstrate the 
improbability that followeth thereupon, namely, that it would be necessary to 
make the Sphere so immense, that a fixed star, to appear unto us as great as it 
now seems, ought of necessity to be of so immense a magnitude, as that it would 
exceed the bignesse of the whole grand Orb, a thing, which notwithstanding, as 
they say, is altogether incredible. 


SALV. 


I am of the same judgment, and verily believe that they argue contra hominem, 
studying more to defend another man, than desiring to come to the knowledge of 
the truth. And I do not only believe, Astronomers, perhaps, have not known what 
appearances ought to follow upon the annual motion of the Earth. that none of 
them ever applied themselves to make any such observation, but I am also 
uncertain, whether any of them do know what alteration the Earths annual 
motion ought to produce in the fixed stars, in case the starry Sphere were not so 
far distant, as that in them the said diversity, by reason of its minuity dis- 
appeareth; for their surceasing that inquisition, and referring themselves to the 
meer assertion of Copernicus, may very well serve to convict a man, but not to 
acquit him of the fact: Copernicus understood not some things for want of 
Instruments. For its possible that such a diversity may be, and yet not have been 
sought for; or that either by reason of its minuity, or for want of exact 


Instruments it was not discovered by Copernicus; for though it were so, this 
would not be the first thing, that he either for want of Instruments, or for some 
other defect hath not known; and yet he proceeding upon other solid and rational 
conjectures, affirmeth that, which the things by him not discovered do seem to 
contradict: for, as hath been said already, without the Telescope, neither could 
Mars be discerned to increase 60. times; nor Venus 40. more in that than in this 
position; yea, their differences appear much lesse than really they are and yet 
neverthelesse it is certainly discovered at length, that those mutations are the 
same, to an hair that the Copernican Systeme required. Tycho and others argue 
against the annual motion, from the invariable elevation of the Pole. Now it 
would be very well, if with the greatest accuratenesse possible one should 
enquire whether such a mutation as ought to be discoverable in the fixed stars, 
supposing the annual motion of the Earth, would be observed really and in 
effect, a thing which I verily believe hath never as yet been done by any; done, 
said I? no, nor haply (as I said before) by many well understood how it ought to 
be done. Nor speak I this at randome, for I have heretofore seen a certain 
Manuscript of one of these Anti-Copernicans, which said, that there would 
necessarily follow, in case that opinion were true, a continual rising and falling 
of the Pole from six moneths to six moneths, according as the Earth in such a 
time, by such a space as is the diameter of the grand Orb, retireth one while 
towards the North, and another while towards the South; and yet it seemed to 
him reasonable, yea necessary, that we, following the Earth, when we were 
towards the North should have the Pole more elevated than when we are towards 
the South. In this very error did one fall that was otherwise a very skilful 
Mathematician, & a follower of Copernic. as Tycho relateth in hisChristophorus 
Rothmannus. Progymnasma. pag. 684. which said, that he had observed the 
Polar altitude to vary, and to differ in Summer from what it is in Winter: and 
because Tycho denieth the merit of the cause, but findeth no fault with the 
method of it; that is, denieth that there is any mutation to be seen in the altitude 
of the Pole, but doth not blame the inquisition, for not being adapted to the 
finding of what is sought, he thereby sheweth, that he also esteeemed the Polar 
altitude varied, or not varied every six moneths, to be a good testimony to 
disprove or inferre the annual motion of the Earth. 


SIMP. 


In truth, Salviatus, my opinion also tells me, that the same must necessarily 
ensue: for I do not think that you will deny me, but that if we walk only 60. 
miles towards the North, the Pole will rise unto us a degree higher, and that if we 


move 60. miles farther Northwards, the Pole will be elevated to us a degree 
more, &c. Now if the approaching or receding 60. miles onely, make so notable 
a change in the Polar altitudes, what alteration would follow, if the Earth and we 
with it, should be transported, I will not say 60. miles, but 60. thousand miles 
that way. 


SALV. 


It would follow (if it should proceed in the same proportion) that the Pole shall 
be elevated a thousand degrees. See, Simplicius, what a long rooted opinion can 
do. Yea, by reason you have fixed it in your mind for so many years, that it is 
Heaven, that revolveth in twenty four hours, and not the Earth, and that 
consequently the Poles of that Revolution are in Heaven, and not in the 
Terrestrial Globe, cannot now, in an hours time shake off this habituated 
conceipt, and take up the contrary, fancying to your self, that the Earth is that 
which moveth, only for so long time as may suffice to conceive of what would 
follow, thereupon should that lye be a truth. If the Earth Simplicius, be that 
which moveth in its self in twenty four hours, in it are the Poles, in it is the Axis, 
in it is the Equinoctial, that is, the grand Circle, described by the point, 
equidistant from the Poles, in it are the infinite Parallels bigger and lesser 
described by the points of the superficies more and lesse distant from the Poles, 
in it are all these things, and not in the starry Sphere, which, as being 
immoveable, wants them all, and can only by the imagination be conceived to be 
therein, prolonging the Axis of the Earth so far, till that determining, it shall 
mark out two points placed right over our Poles, and the plane of the Equinoctial 
being extended, it shall describe in Heaven a circle like it self. Now if the true 
Axis, the true Poles, the true Equinoctial, do not change in the Earth so long as 
you continue in the same place of the Earth, and though the Earth be transported, 
as you do please, yet you shall not change your habitude either to the Poles, or to 
the circles, or to any other Earthly thing; and this because, that that transposition 
being common to you and to all Terrestrial things; Motion itis common is as if 
it never were. and that motion where it is common, is as if it never were; and as 
you change not habitude to the Terrestrial Poles (habitude I say, whether that 
they rise, or descend) so neither shall you change position to the Poles imagined 
in Heaven; alwayes provided that by Celestial Poles we understand (as hath been 
already defined) those two points that come to be marked out by the 
prolongation of the Terrestrial Axis unto that length. Tis true those points in 
Heaven do change, when the Earths transportment is made after such a manner, 
that its Axis cometh to passe by other and other points of the immoveable 


Celestial Sphere, but our habitude thereunto changeth not, so as that the second 
should be more elevated to us than the first. If any one will have one of the 
points of the Firmament, which do answer to the Poles of the Earth to ascend, 
and the other to descend, he must walk along the Earth towards the one, receding 
from the other, for the transportment of the Earth, and with it us our selves, (as I 
told you before) operates nothing at all. 


SAGR. 


Permit me, I beseech you Salviatus, to make this a little more clear by an 
example, which although grosse, is acommodated to this purpose. An example 
fitted to prove that the altitude of the Pole ought not to vary by means of the 
Earths annual motion. Suppose your self, Simplicius, to be aboard a Ship, and 
that standing in the Poope, or Hin-deck; you have directed a Quadrant, or some 
other Astronomical Instrument, towards the top of the Top-gallant-Mast, as if 
you would take its height, which suppose it were v. gr. 40. degrees, there is no 
doubt, but that if you walk along theCorsia, the bank or bench on which slaves 
sit in a Gally. Hatches towards the Mast 25. or 30. paces; and then again direct 
the said Instrument to the same Top-Gallant-Top. You shall find its elevation to 
be greater, and to be encreased v. gr. 10. degrees; but if instead of walking those 
25. or 30. paces towards the Mast, you stand still at the Sterne, and make the 
whole Ship to move thitherwards, do you believe that by reason of the 25. or 30. 
paces that it had past, the elevation of the Top-Gallant-Top would shew 10. 
degrees encreased? 


SIMP. 


I believe and know that it would not gain an hairs breadth in the passing of 30. 
paces, nor of a thousand, no nor of an hundred thousand miles; but yet I believe 
withal that looking through the sights at the Top and Top-Gallant, if I should 
find a fixed Star that was in the same elevation, I believe I say, that, holding still 
the Quadrant, after I had sailed towards the star 60. miles, the eye would meet 
with the top of the said Mast, as before, but not with the star, which would be 
elevated to me one degree. 


SAGR. 


Then you do not think that the sight would fall upon that point of the Starry 
Sphere, that answereth to the direction of the Top-Gallant Top? 


SIMP. 


No: For the point would be changed, and would be beneath the star first 
observed. 


SAGR. 


You are in the right. Now like as that which in this example answereth to the 
elevation of the Top-Gallant-Top, is not the star, but the point of the Firmament 
that lyeth in a right line with the eye, and the said top of the Mast, so in the case 
exemplified, that which in the Firmament answers to the Pole of the Earth, is not 
a star, or other fixed thing in the Firmament; but is that point in which the Axis 
of the Earth continued streight out, till it cometh thither doth determine, which 
point is not fixed, but obeyeth the mutations that the Pole of the Earth doth 
make. Upon the annual motion of the Earth, alteration may ensue in some fixed 
star, not in the Pole. And therefore Tycho, or who ever else that did alledg this 
objection, ought to have said that upon that same motion of the Earth, were it 
true, one might observe some difference in the elevation and depression (not of 
the Pole, but) of some fixed star toward that part which answereth to our Pole. 


SIMP. 


I already very well understand the mistake by them committed; but yet therefore 
(which to me seems very great) of the argument brought on the contrary is not 
lessened, supposing relation to be had to the variation of the stars, and not of the 
Pole; for if the moving of the Ship but 60. miles, make a fixed star rise to me one 
degree, shall I not find alike, yea and very much greater mutation, if the Ship 
should sail towards the said star for so much space as is the Diameter of the 
Grand Orb, which you affirm to be double the distance that is between the Earth 
and Sun? 


SAGR. 


Herein Simplicius, there is another fallacy, which, truth is, The equivoke of 
those who believe that in the annual motion great mutations are to be made about 
the elevation of a fixed star, is confuted. you understand, but do not upon the 
sudden think of the same, but I will try to bring it to your remembrance: Tell me 
therefore; if when after you have directed the Quadrant to a fixed star, and found 
v. g. its elevation to be 40. degrees, you should without stirring from the place, 
incline the side of the Quadrant, so as that the star might remain elevated above 


that direction, would you thereupon say that the star had acquired greater 
elevation? 


SIMP. 


Certainly no: For the mutation was made in the Instrument and not in the 
Observer, that did change place, moving towards the same. 


SAGR. 


But if you sail or walk along the surface of the Terrestrial Globe, will you say 
that there is no alteration made in the said Quadrant, but that the same elevation 
is still retained in respect of the Heavens, so long as you your self do not incline 
it, but let it stand at its first constitution? 


SIMP. 


Give me leave to think of it. I would say without more ado, that it would not 
retain the same, in regard the progresse I make is not in plano, but about the 
circumference of the Terrestrial Globe, which at every step changeth inclination 
in respect to Heaven, and consequently maketh the same change in the 
Instrument which is erected upon the same. 


SAGR. 


You say very well: And you know withal, that by how much the bigger that 
circle shall be upon which you move, so many more miles you are to walk, to 
make the said star to rise that same degree higher; and that finally if the motion 
towards the star should be in a right line, you ought to move yet farther, than if it 
were about the circumference of never so great a circle? 


SALV. 


True: The right line, and circumference of an infinite circle, are the same thing. 
For in short the circumference of an infinite circle, and a right line are the same 
thing. 


SAGR. 


But this I do not understand, nor as I believe, doth Simplicius apprehend the 
same; and it must needs be concealed from us under some mistery, for we know 
that Salviatus never speaks at random, nor proposeth any Paradox, which doth 
not break forth into some conceit, not trivial in the least. Therefore in due time 
and place I will put you in mind to demonstrate this, that the right line is the 
same with the circumference of an infinite circle, but at present I am unwilling 
that we should interrupt the discourse in hand. Returning then to the case, I 
propose to the consideration of Simplicius, how the accession and recession that 
the Earth makes from the said fixed star which is neer the Pole can be made as it 
were by a right line, for such is the Diameter of the Grand Orb, so that the 
attempting to regulate the elevation and depression of the Polar star by the 
motion along the said Diameter, as if it were by the motion about the little circle 
of the Earth, is a great argument of but little judgment. 


SIMP. 


But we continue still unsatisfied, in regard that the said small mutation that 
should be therein, would not be discerned; and if this be null, then must the 
annual motion about the Grand Orb ascribed to the Earth, be null also. 


SAGR. 


Here now I give Salviatus leave to go on, who as I believe will not overpasse the 
elevation and depression of the Polar star or any other of those that are fixed as 
null, although not discovered by any one, and affirmed by Copernicus himself to 
be, I will not say null, but unobservable by reason of its minuity. 


SALV. 


I have already said above, that I do not think that any one did ever set himself to 
observe, Enquiry is made what mutations, & in what stars, are to be discovered, 
by means of the annual motion of the Earth. whether in different times of the 
year there is any mutation to be seen in the fixed stars, that may have a 
dependance on the annual motion of the Earth, and added withal, that I doubted 
least haply some might never have understood what those mutations are, and 
amongst what stars they should be discerned; therefore it would be necessary 
that we in the next place narrowly examine this particular. Astronomers having 
omitted to instance what alterations those are that may be derived from the 
annual motion of the Earth, do thereby testifie that they never rightly understood 


the same. My having onely found written in general terms that the annual motion 
of the Earth about the Grand Orb, ought not to be admitted, because it is not 
probable but that by means of the same there would be discoverd some apparent 
mutation in the fixed stars, and not hearing say what those apparent mutations 
ought to be in particular, and in what stars, maketh me very reasonably to infer 
that they who rely upon that general position, have not understood, no nor 
possibly endeavoured to understand, how the businesse of these mutations goeth, 
nor what things those are which they say ought to be seen. The mutations of the 
fixed stars ought to be in some greater, in others lesser, and in others nothing at 
all. And to this judgment I am the rather induced; knowing that the annual 
motion ascribed by Copernicus to the Earth, if it should appear sensible in the 
Starry Sphere, is not to make apparent mutations equal in respect to all the stars, 
but those appearances ought to be made in some greater, in others lesser, and in 
others yet lesser; and lastly, in others absolutely nothing at all, by reason of the 
vast magnitude that the circle of this annual motion is supposed to be of. As for 
the mutations that should b seen, they are of two kinds, one is the said stars 
changing apparent magnitude, and the other their variation of altitudes in the 
Meridian. Upon which necessarily followeth the mutation of risings and settings, 
and of their distances from the Zenith, &c. 


SAGR. 


Methinks I see preparing for me such a skean of these revolutions, that I wish it 
may never be my task to dis-intangle them, for to confesse my infirmity to 
Salviatus, I have sometimes thought thereon, but could never find theBandola 
that end of a skeen wherewith housewives fasten their hankes of yarn, thread or 
silk. Lay-band of it, and I speak not so much of this which pertains to the fixed 
stars, as of another more terrible labour which you bring to my remembrance by 
maintaining these Meridian Altitudes, Ortive Latitudes and distances from the 
Vertex, &c. The grand difficulty in Copernicus his Doctrine, is that which 
concerns the Phaenomena of the Sun and fixed stars. And that which puzzleth 
my brains, ariseth from what I am now about to tell you. Copernicus supposeth 
the Starry Sphere immoveable, and the Sun in the centre thereof immoveable 
also. Therefore every mutation which seemeth unto us to be made in the Sun or 
in the fixed stars, must of necessity befall the Earth and be ous. But the Sun 
riseth and declineth in our Meridian by a very great arch of almost 47. degrees, 
and by arches yet greater and greatet, varieth its Ortive and Occidual Latitudes in 
the oblique Horizons. Now how can the Earth ever incline and elevate so notably 
to the Sun, and nothing at all to the fixed stars, or so little, that it is not to be 


perceived? This is that knot which could never get thorow myPettine, it is the 
stay in a Weavets Loom, that permitteth no knot or snarle to passe it, called by 
them the Combe of the Loom. Loom-Combe; and if you shall untie it, I shall 
hold you for more than an Alexander. 


SALV. 


These are scruples worthy of the ingenuity of Sagredus, and this doubt is so 
intricate, that even Copernicus himself almost despaired of being able to explain 
the same, so as to render it intelligible, which we see as well by his own 
confession of its obscurity, as also by his, at two several times, taking two 
different wayes to make it out. And, I ingenuously confesse that I understood not 
his explanation, till such time as another method more plain and manifest, had 
rendred it intelligible; and yet neither was that done without a long and laborious 
application of my thoughts to the same. 


SIMP. 


Aristotle saw the same scruple, Aristotles argument against the Ancients, who 
held that the Earth was a Planet. and makes use thereof to oppose certain of the 
Ancients, who held that the Earth was a Planet; against whom he argueth, that if 
it were so, it would follow that it also, as the rest of the Planets, should have a 
plurality of motions, from whence would follow these variations in the risings 
and settings of the fixed stars, and likewise in the Meridian Altitudes. And in 
regard that he propoundeth the difficulty, and doth not answer it, it must needs 
be, if not impossible, at least very difficult to be resolved. 


SALV. 


The stresse and strength of the knot rendereth the solution thereof more 
commendable and admirable; but I do not promise you the same at this time, and 
pray you to dispense with me therein till too morrow, and for the present we will 
go considering and explaining those mutations and differences that by means of 
the annual motion ought to be discerned in the fixed stars, like as even now we 
said, for the explication whereof certain preparatory points offer themselves, 
which may facilitate the answer to the grand objection. Now reassuming the two 
motions ascribed to the Earth (two I say, for the third is no motion, as in its place 
I will declare) that is the annual and diurnal, The annual motion made by the 
centre of the Earth under the Ecliptick and the diurnal motion made by the Earth 


about its own centre. the first is to be understood to be made by the centre of the 
Earth in or about the circumference of the grand Orb, that is of a very great 
circle described in the plain of the fixed and immutable Ecliptick; the other, 
namely the diurnal, is made by the Globe of the Earth in it self about its own 
centre, and own Axis, not erect, but inclined to the Plane of the Ecliptick, with 
the inclination of 23. degrees and an half, or thereabouts, the which inclination is 
maintained all the year about, and that which ought especially to be observed, is 
alwayes situate towards the same point of Heaven: The axis of the Earth 
continueth alwayes parallel to it self, and describeth a Cylindraical superficies, 
inclining to the grand Orb. in so much that the Axis of the diurnal motion doth 
alwayes remain parallel to it self; so that if we imagine that same Axis to be 
continued out until it reach the fixed stars, whilst the centre of the Earth is 
encircling the whole Ecliptick in a year, the said Axis describeth the superficies 
of an oblique Cylinder, which hath for one of its bases the said annual circle, and 
for the other a like circle imaginarily described by its extremity, or, (if you will) 
Pole, amongst the fixed stars. And this same cylinder is oblique to the Plane of 
the Ecliptick, according to the inclination of the Axis that describeth it, which 
we have said to be 23 degrees and an half, the which continuing perpetually the 
same (save onely, that in many thousands of years it maketh some very small 
mutation, which nothing importeth in our present businesse) causeth that the 
Terrestrial Globe doth never more incline or elevate, The Orb of the Earth never 
inclineth, but is immutably the same. but still conserveth the same state without 
mutation. From whence ensueth, that as to what pertaineth to the mutations to be 
observed in the fixed stars dependant on the sole annual motion, the same shall 
happen to any point whatsoever of the Earths surface, as befalleth unto the centre 
of the Earth it self; and therefore in the present explanations we will make use of 
the centre, as if it were any whatsoever point of the superficies. And for a more 
facile understanding of the whole, The fixed stars placed in the Ecliptick never 
elevate nor descend, on account of the annual motion, but yet approach and 
recede. let us design the same in lineal figures: And first of all let us describe in 
the Plane of the Ecliptick the circle ANBO [in Fig. 7. ] and let us understand the 
points A and B, to be the extreams towards the North and South; that is, the 
beginning of [or entrance into] Cancer or Capricorn, and let us prolong the 
Diameter AB, indeterminately by D and C towards the Starry Sphere. I say now 
in the first place, that none of the fixed stars placed in the Ecliptick, shall ever 
vary elevation, by reason of any whatsoever mutation made by the Earth along 
the said Plane of the Ecliptick, but shall alwayes appear in the same superficies, 
although the Earth shall approach and recede as great a space as is that of the 
diameter of the Grand Orb, as may plainly be seen in the said figure. For 


whether the Earth be in the point A or in B, the star C alwayes appeareth in the 
same line ABC; although the distance BC, be lesse than AC, by the whole 
diameter AB. The most therefore that can be discovered in the star C, and in any 
other placed in the Ecliptick, is the augmented or diminished apparent 
magnitude, by reason of the approximation or recession of the Earth. 


SAGR. 


Stay a while I pray you, for I meet with a certain scruple, which much troubleth 
me, and it is this: That the star C may be seen by the same line ABC, as wel 
when the Earth is in A, as when it is in B, I understand very well, as also 
furthermore I apprehend that the same would happen in all the points of the line 
AB, Objections against the Earths annual motion taken from the fixed stars 
placed in the Ecliptick. so long as the Earth should passe from A to B by the said 
line; but it passing thither, as is to be supposed, by the arch ANB, it is manifest 
that when it shall be in the point N, and in any other except those two A and B, 
the said star shall no longer be observed in the line AB; but in others. So that, if 
the appearing under several lines ought to cause apparent mutations, some 
difference must needs appear in this case. Nay more, I will speak it with that 
Philosophical freedom, which ought to be allowed amongst Philosophick 
friends, methinks that you, contradicting your self, deny that now, which but 
even now to our admiration, you proved to be really true, and considerable; I 
mean that which happeneth in the Planets, and particularly in the three superiour 
ones, that being constantly in the Ecliptick, or very near unto it, do not onely 
shew themselves one while near unto us, and another while remote, but so 
deformed in their regular motions, that they seem sometimes immoveable, and 
sometimes many degrees retrograde; and all upon no other occasion than the 
annual motion of the Earth. 


SALV. 


Though by a thousand accidents I have been heretofore assured of the wittinesse 
of Sagredus, yet I had a desire by this one experiment more to ascertain me of 
what I may expect from his ingenuity, and all this for my own interest, for in 
case my Propositions stand but proof against the hammer and furnace of his 
judgment, I shall be confident that they will abide theOr will prove of good 
alloy. test of all Touch-stones. I say therefore that I had purposely dissembled 
this objection, but yet not with any intent to deceive you, and to put any falshood 
upon you, as it might have happened if the objection by me disguised, and by 


you over-lookt, had been the same in effect as it seemed to be in appearance, that 
is, really valid and conclusive; but it is not so; nay I rather suspect that to try me, 
you make as if you did not see its nullity. But I will herein be too hard for you, 
and force from your tongue, that which you would so artificially conceal; and 
therefore tell me, what that thing should be, whereby you come to know the 
station and retrogradation of the Planets, which is derived from the annual 
motion, aud which is so great, that at least some foot-steps of such an effect 
ought to appear in the stars of the Ecliptick? 


SAGR. 


This demand of yours containeth two questions, to which it is necessary that I 
make reply; the first relates to the imputation which you lay upon me of a 
Dissembler; the other concerneth that which may appear in the stars, &c. As to 
the first, I will say with your permission, that it is not true, that I have 
dissembled my knowing the nullity of that objection; and to assure you of the 
same, I now tell you that I very well understand the nullity thereof. 


SALV. 


But yet I do not understand how it can be, that you spake not friendly, when you 
said you did not know that same fallacy which you now confesse that you know 
very well. 


SAGR. 


The very confession of knowing it may assure you that I did not dissemble, 
when I said that I did not understand it; for if I had had a mind, and would 
dissemble, who could hinder me from continuing in the same simulation, and 
denying still that I understand the fallacy? I say therefore that I understood not 
the same, at that time, but that I do now at this present apprehend it, for that you 
have prompted my intellect, first by telling me resolutely that it is null, and then 
by beginning to question me so at large what thing that might be, whereby I 
might come to know the station and retrogradation of the Planets; The station, 
direction and retrogradation of the Planets is known, in relation to the fixed stars. 
and because this is known by comparing them with the fixed stars, in relation to 
which, they are seen to vary their motions, one while towards the West, and 
another towards the East, and sometimes to abide immoveable; and because 
there is not any thing above the Starry Sphere, immensely more remote from us, 


and visible unto us, wherewith we may compare our fixed stars, therefore we 
cannot discover in the fixed stars any foot-steps of what appeareth to us in the 
Planets. This I believe is the substance of that which you would force from me. 


SALV. 


It is so, An Indice is the fixed stars like to that which is in the Plane s, is an 
argument of the Earths annual motion. with the addition moreover of your 
admirable ingenuity; and if with half a word I did open your eyes, you by the 
like have remembred me that it is not altogether impossible, but that sometime or 
other something observable may be found amongst the fixed stars, by which it 
may be gathered wherein the annual conversion resides, so as that they also no 
lesse than the Planets and Sun it self, may appear in judgment to bear witnesse of 
that motion, in favour of the Earth; for I do not think that the sta s are spread in a 
spherical superficies equally remote from a common centre, but hold, that their 
distances from us are so various, that some of them may be twice and thrice as 
remote as others; so that if with the Telescope one should observe a very small 
star neer to one of the bigger, and which therefore was very exceeding high, it 
might happen, that some sensible mutation might fall out between them, 
correspondent to that of the superiour Planets. And so much shall serve to have 
spoken at this time touching the stars placed in the Ecliptick. The fixed stars 
without the Ecliptick elevate and descend more or lesse, according to their 
distance from the said Ecliptick= Let us now come to the fixed stars, placed out 
of the Ecliptick, and let us suppose a great circle erect upon [i. e. at right angles 
to] the Plane of thei. e. of the Ecliptick. same; and let it, for example, be a circle 
that in the Starry Sphere answers to the Solstitial Colure, and let us mark it CEH 
[in Fig. 8. ] which shall happen to be withal a Meridian, and in it we will take a 
star without the Ecliptick, which let be E. Now this star will indeed vary its 
elevation upon the Earths motion; for from the Earth in A it shall be seen 
according to the ray AE, with the elevation of the angle EAC; but from the Earth 
placed in B, it shall be seen according to the ray BE, with the elevation of the 
angle EBC, bigger than the other EAC, that being extern, and this intern and 
opposite in the triangle EAB, the distance therefore of the star E from the 
Ecliptick, shall appear changed; and likewise its altitude in the Meridian shall 
become greater in the position B, than in the place A, according as the angle 
EBC exceeds the angle EAC, which excesse is the quantity of the angle AEB: 
For in the triangle EAB, the side AB being continued to C, the exteriour angle 
EBC (as being equal to the two interiour and opposite E and A) exceedeth the 
said angle A, by the quantity of the angle E. And if we should take another star 


in the same Meridian, more remote from the Ecliptick, as for instance the star H, 
the diversity in it shall be greater by being observed from the two stations A and 
B, according as the angle AHB is greater than the other E; which angle shall 
encrease continually according as the observed star shall be farther and farther 
from the Ecliptick, till that at last the greatest mutation will appear in that star 
that should be placed in the very Pole of the Ecliptick. As for a full 
understanding thereof we thus demonstrate. Suppose the diameter of the Grand 
Orb to be AB, whose centre [in the same Figure] is G, and let it be supposed to 
be continued out as far as the Starry Sphere in the points D and C, and from the 
centre G let there be erected the Axis of the Ecliptick GF, prolonged till it arrive 
at the said Sphere, in which a Meridian DFC is supposed to be described, that 
shall be perpendicular to the Plane of the Ecliptick; and in the arch FC any 
points H and E, are imagined to be taken, as places of fixed stars: Let the lines 
FA, FB, AH, HG, HB, AE, GE, BE, be conjoyned. And let the angle of 
difference, or, if you will, the Parallax of the star placed in the Pole F, be AFB, 
and let that of the star placed in H, be the angle AHB, and let that of the star in 
E, be the angle AEB. I say, that the angle of difference of the Polar star F, is the 
greatest, and that of the rest, those that are nearer to the greatest are bigger than 
the more remote; that is to say, that the angle F is bigger than the angle H, and 
this bigger than the angle E. Now about the triangle FAB, let us suppose a circle 
to be described. And because the angle F is acute, (by reason that its base AB is 
lesse than the diameter DC, of the semicircle DFC) it shall be placed in the 
greater portion of the circumscribed circle cut by the base AB. And because the 
said AB is divided in the midst, and at right angles by FG, the centre of the 
circumscribed circle shall be in the line FG, which let be the point I; and 
because that of such lines as are drawn from the point G, which is not the centre, 
unto the circumference of the circumscribed circle, the biggest is that which 
passeth by the centre, GF shall be bigger than any other that is drawn from the 
point G, to the circumference of the said circle; and therefore that circumference 
will cut the line GH (which is equal to the line GF) and cutting GH, it will also 
cut AH. Let it cut it in L, and conjoyn the line LB. These two angles, therefore, 
AFB and ALB shall be equal, as being in the same portion of the circle 
circumscribed. But ALB external, is bigger than the internal H; therefore the 
angle F is bigger than the angle H. And by the same method we might 
demonstrate the angle H to be bigger than the angle E, because that of the circle 
described about the triangle AHB, the centre is in the perpendicular GF, to 
which the line GH is nearer than the line GE, and therefore the circumference of 
it cutteth GE, and also AE, whereupon the proposition is manifest. We will 
conclude from hence, that the difference of appearance, (which with the proper 


term of art, we might call the Parallax of the fixed stars) is greater, or lesse, 
according as the Stars observed are more or lesse adjacent to the Pole of the 
Ecliptick, so that, in conclusion of those Stars that are in the Ecliptick it self, the 
said diversity is reduced to nothing. In the next place, The Earth approacheth or 
recedeth from the fixed stars of the Ecliptick, the quantity of the Diameter of the 
Grand Orb. as to the Earths accession by that motion to, or recession from the 
Stars, it appeareth to, and recedeth from those that are in the Ecliptick, the 
quantity of the whole diameter of the grand Orb, as we did see even now, but 
that accession or recession to, or from the stars about the Pole of the Ecliptick, is 
almost nothing; and in going to and from others, this difference groweth greater, 
according as they are neerer to the Ecliptick. We may, The stars nearer to us 
make greater differences than the more remote. in the third place, know, that the 
said difference of Aspect groweth greater or lesser, according as the Star 
observed shall be neerer to us, or farther from us. For if we draw another 
Meridian, lesse distant from the Earth; as for example, this DFI [in Fig. 7. ] a 
Star placed in F, and seen by the same ray AFE, the Earth being in A, would, in 
case it should be observed from the Earth in B, appear according to the ray BF, 
and would make the angle of difference, namely, BFA, bigger than the former 
AEB, being the exteriour angle of the triangle BFE. 


SAGR. 


With great delight, and also benefit have I heard your discourse; The Epilogue of 
the Phaenomena of the fixed stars caused by the annual motion of the Earth. and 
that I may be certain, whether I have rightly understood the same, I shall give 
you the summe of the Conclusions in a few words. As I take it, you have 
explained to us the different appearances, that by means of the Earths annual 
motion, may be by us observed in the fixed stars to be of two kinds: The one is, 
that of their apparent magnitudes varied, according as we, transported by the 
Earth, approach or recede from the same: The other (which likewise dependeth 
on the same accession and recession) their appearing unto us in the same 
Meridian, one while more elevated, and another while lesse. Moreover, you tell 
us (and I understand it very well) that the one and other of these mutations are 
not made alike in all the stars, but in some greater, and in others lesser, and in 
others not at all. The accession and recession whereby the same star ought to 
appear, one while bigger, and another while lesser, is insensible, and almost 
nothing in the stars neer unto the pole of the Ecliptick, but is greatest in the stars 
placed in the Ecliptick it self, and indifferent in the intermediate: the contrary 
happens in the other difference, that is, the elevation or depression of the stars 


placed in the Ecliptick is nothing at all, greatest in those neerest to the Pole of 
the said Ecliptick, and indifferent in the intermediate. Besides, both these 
differences are more sensible in the Stars neerest to us, in the more remote lesse 
sensible, and in those that are very far distant wholly disappear. This is, as to 
what concerns my self; it remaineth now, as I conceive, that something be said 
for the satisfaction of Simplicius, who, as I believe, will not easily be made to 
overpasse those differences, as insensible that are derived from a motion of the 
Earth so vast, and from a mutation that transports the Earth into places twice as 
far distant from us as the Sun. 


SIMP. 


Truth is, to speak freely, I am very loth to confesse, that the distance of the fixed 
Stars ought to be such, that in them the fore-mentioned differences should be 
wholly imperceptible. 


SALV. 


Do not throw your self into absolute despair, Simplicius, for there may perhaps 
yet some qualification be found for your difficulties. And first, that the apparent 
magnitude of the stars is not seen to make any sensible alteration, ought not to be 
judged by you a thing improbable, in regard you see the guesses of men in this 
particular to be so grossely erroneous, especially in looking upon splendid 
objects; and you your self beholding v. g. a lighted Torch at the distance of 200 
paces, In objects far remote, and luminous, a small approach or recession is 
imperceptible. if it approach nearer to you 3. or 4. yards, do you think that it will 
shew any whit encreased in magnitude? I for my part should not perceive it 
certainly, although it should approach 20. or 30. yards nearer; nay it hath 
sometimes happened that in seeing such a light at that distance I know not how 
to resolve whether it came towards me, or retreated from me, when as it did in 
reality approach nearer to me. But what need I speak of this? If the self same 
accession and recession (I speak of a distance twice as great as that from the 
Sun to us) in the star of Saturn is almost totally imperceptible, and in Jupiter not 
very observable, what shall we think of the fixed stars, which I believe you will 
not scruple to place twice as far off as Saturn? In Mars, which for that it is nearer 
to us — 


SIMP. 


Pray Sir, put your self to no farther trouble in this particular, for I already 
conceive that what hath been spoken touching the unaltered apparent magnitude 
of the fixed stars may very well come to passe, but what shall we say of the other 
difficulty that proceeds from not perceiving any variation in the mutation of 
aspect? 


SALV. 


We will say that which peradventure may satisfie you also in this particular. And 
to make short, would you not be satisfied if there should be discovered in the 
stars face mutations that you think ought to be discovered, in case the annual 
motion belonged to the Earth? 


SIMP. 
I should so doubtlesse, as to what concerns this particular. 
SALV. 


I could wish you would say that in case such a difference were discovered, If in 
the fixed stars one should discover any annual mutation, the motion of the Earth 
would be undeniable. nothing more would remain behind, that might render the 
mobility of the Earth questionable. But although yet that should not sensibly 
appear" yet is not its mobility removed, nor its immobility necessarily proved, it 
being possible, (as Copernicus affirmeth) that the immense distance of the Starry 
Sphere rendereth such very small Phaenomena unobservable; the which as 
already hath been said, may possibly not have been hitherto so much as sought 
for, or if sought for, yet not sought for in such a way as they ought, It is proved 
what small credit is to be given to Astronomical Instruments in minute 
observations. to wit, with that exactnesse which to so minute a punctuality would 
be necessary; which exactnesse is very difficult to obtain, as well by reason of 
the deficiency of Astronomical Instruments, subject to many alterations, as also 
through the fault of those that manage them with less diligence then is requisite. 
A necessary argument how little credit is to be given to those observations may 
be deduced from the differences which we find amongst Astronomers in 
assigning the places, I will not say, of the new Stars or Comets, but of the fixed 
stars themselves, even to the altitudes of the very Poles, in which, most an end, 
they are found to differ from one another many minutes. And to speak the truth, 
who can in a Quadrant, or Sextant, that at most shall have its sideBraccia Italian. 


3. or 4. yards long, ascertain himself in the incidence of the perpendicular, or in 
the direction of the sights, not to erre two or three minutes, which in its 
circumference shall not amount to the breadth of a grain of Or Mi Mylet? 
Besides that, it is almost impossible, that the Instrument should be made, and 
kept with absolute exactnesse. Ptolomey sheweth his distrust of a Spherical 
Instrument composed by Archimedes hismelf to take the Suns ingression into the 
Aequinoctial. Ptolomy did not trust to an Instrument made by Archimedes. 


SIMP. 


But if the Instruments be so suspitious, Instruments of Tycho made with great 
expence. and the observations so dubious, how can we ever come to any 
certainty of things, or free our selves from mistakes? I have heard strange things 
of the Instruments of Tycho made with extraordinary cost, and of his singular 
diligence in observations. 


SALV. 


All this I grant you; but neither one nor other of these is sufficient to ascertain us 
in a businesse of this importance. I desire that we may make use of Instruments 
greater by far, What Instruments are apt for most exact observation. and by far 
certainer than those of Tycho, made with a very small charge; the sides of which 
are of 4. 6. 20. 30. and 50. miles, so as that a degree is a mile broad, a minute 
prim. 50Italian braces. yards, a second but little lesse than a yard, and in short 
we may without a farthing expence procure them of what bignesse we please. I 
being in a Countrey Seat of mine near to Florence, An exquisite observation of 
the approach and departure of the Sun from the Summer Solstice. did plainly 
observe the Suns arrival at, and departure from the Summer Solstice, whilst one 
Evening at the time of its going down it appeared upon the top of a Rock on the 
Mountains of Pietrapana, about 60. miles from thence, leaving discovered of it a 
small streak or filament= towards the North, whose breadth was not the 
hundredth part of its Diameter; and the following Evening at the like setting, it 
shew’d such another part of it, but notably more small, a necessary argument, 
that it had begun to recede from the Tropick; and the regression of the Sun from 
the first to the second observation, doth not import doubtlesse a second minute in 
the East. A place accommodated for the observation of the fixed stars, as to what 
concers the annual motion of the Earth. The observation made afterwards with 
an exquisite Telescope, and that multiplyeth the Discus of the Sun more than a 
thousand times, would prove easie, and with all delightful. Now with such an 


Instrument as this, I would have observations to be made in the fixed stars, 
making use of some of those wherein the mutation ought to appear more 
conspicuous, such as are (as hath already been declared) the more remote from 
the Ecliptick, amongst which the Harp a very great star, and near to the Pole of 
the Ecliptick, would be very proper in Countries far North, proceeding according 
to the manner that I shall shew by and by, but in the use of another star; and I 
have already fancied to my self a place very well adapted for such an 
observation. The place is an open Plane, upon which towards the North there 
riseth a very eminent Mountain, in the apex or top whereof is built a little 
Chappel, situate East and West, so as that the ridg of its Roof may intersect at 
right angles, the meridian of some building standing in the Plane. I will place a 
beam parallel to the said ridg, or top of the Roof, and distant from it a yard or 
thereabouts. This being placed, I will seek in the Plain the place from whence 
one of the stars of Charls’s Waine, in passing by the Meridian, cometh to hide it 
self behind the beam so placed, or in case the beam should not be so big as to 
hide the star, I will finde a station where one may see the said beam to cut the 
said star into two equal parts; an effect that with an * exquisite Telescope may 
be perfectly discerned. And if in the place where the said accident is discovered, 
there were some building, it will be the more commodious; but if not, I will 
cause a Pole to be stuck very fast in the ground, with some standing mark to 
direct where to place the eye anew, when ever I have a mind to repeat the 
observation. The first of which observations I will make about the Summer 
Solstice, to continue afterwards from Moneth to Moneth, or when I shall so 
please, to the other Solstice; with which observation one may discover the 
elevation and depression of the star, though it be very small. And if in that 
operation it shall happen, that any mutation shall discover it self, what and how 
great benefit will it bring to Astronomy? Seeing that thereby, besides our being 
assured of the annual motion, we may come to know the grandure and distance 
of the same star. 


SAGR. 


I very well comprehend your whole proceedings; and the operation seems to me 
so easie, and so commodious for the purpose, that it may very rationally be 
thought, that either Copernicus himself, or some other Astronomer had made 
trial of it. 


SALV. 


But I judg the quite contrary, for it is not probable, that if any one had 
experimented it, he would not have mentioned the event, whether it fell out in 
favour of this, or that opinion; besides that, no man that I can find, either for this, 
or any other end, did ever go about to make such an Observation; which also 
without an exact Telescope could but badly be effected. 


SIMP. 


I am fully satisfied with what you say. But seeing that it is a great while to night, 
if you desire that I shall passe the same quietly, let it not be a trouble to you to 
explain unto us those Problems, the declaration whereof you did even now 
request might be deferred until too morrow. Be pleased to grant us your 
promised indulgence, and, laying aside all other discourses, proceed to shew us, 
that the motions which Copernicus assigns to the Earth being taken for granted, 
and supposing the Sun and fixed stars immoveable, there may follow the same 
accidents touching the elevations and depressions of the Sun, touching the 
mutations of the Seasons, and the inequality of dayes and nights, &c. in the self 
same manner, just as they are with facility apprehended in the Ptolomaick 
Systeme. 


SALV. 


I neither ought, nor can deny any thing that Sagredus shall request: And the 
delay by me desired was to no other end, save only that I might have time once 
again to methodize those prefatory points, in my fancy, that serve for a large and 
plain declaration of the manner how the forenamed accidents follow, as well in 
the Copernican position, as in the Ptolomaick: nay, with much greater facility 
and simplicity in that than in this. The Copernican Systeme difficult to be 
understood, but easie to be effected. Whence one may manifestly conceive that 
Hypothesis to be as easie to be effected by nature, as difficult to be apprehended 
by the understanding: yet neverthelesse, I hope by making use of another kind of 
explanation, Necessary prepositions for the better conceiving of the 
consequences of the Earths motion. than that used by Copernicus, to render 
likewise the apprehending of it somewhat lesse obscure. Which that I may do, I 
will propose certain suppositions of themselves known and manifest, and they 
shall be these that follow. 


First, I suppose that the Earth is a spherical body, turning round upon its own 
Axis and Poles, and that each point assigned in its superficies, describeth the 


circumference of a circle, greater or lesser, according as the point assigned shall 
be neerer or farther from the Poles: And that of these circles the greatest is that 
which is described by a point equidistant from the said Poles; and all these 
circles are parallel to each other; and Parallels we will call them. 


Secondly, The Earth being of a Spherical Figure, and of an opacous substance, it 
is continually illuminated by the Sun, according to the half of its surface, the 
other half remaining obscure, and the boundary that distinguisheth the 
illuminated part from the dark being a grand circle, we will call that circle the 
terminator of the light. 


Thirdly, If the Circle that is terminator of the light should passe by the Poles of 
the Earth, it would cut (being a grand and principal circle) all the parallels into 
equal parts; but not passing by the Poles, it would cut them all in parts unequal, 
except only the circle in the middle, which, as being a grand circle will be cut 
into equal parts. 


Fourthly, The Earth turning round upon its own Poles, the quantities of dayes 
and nights are termined by the arches of the Parallels, intersected by the circle, 
that is, the terminator of the light, and the arch that is scituate in the illuminated 
Hemisphere prescribeth the length of the day, and the remainer is the quantity of 
the night. 


These things being presupposed, A plain Scheme representing the Copernican 
Hypothesis, and its consequences. for the more clear understanding of that which 
remaines to be said, we will lay it down in a Figure. And first, we will draw the 
circumference of a circle, that shall represent unto us that of the grand Orb 
described in the plain of the Ecliptick, and this we will divide into four equal 
parts with the two diameters Capricorn Cancer, and Libra Aries, which, at the 
same time, shall represent unto us the four Cardinal points, that is, the two 
Solstices, and the two Equinoctials; and in the centre of that circle we will place 
the Sun O, fixed and immoveable. 


[figure] 


Let us next draw about the four points, Capricorn, Cancer, Libra and Aries, as 
centres, four equal circles, which represent unto us the Earth placed in them at 
four several times of the year. The which, with its centre, in the space of a year, 
passeth through the whole circumference, Capricorn, Aries, Cancer, Libra, 


moving from East to West, that is, according to the order of the Signes. It is 
already manifest, that whilst the Earth is in Capricorn, The Suns annual motion, 
how it comes to passe, according to Copernicus. the Sun will appear in Cancer, 
and the Earth moving along the arch Capricorn Aries, the Sun will seem to move 
along the arch Cancer Libra, and in short, will run thorow the Zodiack according 
to the order of the Signes, in the space of a year; and by this first assumption, 
without all question, full satisfaction is given for the Suns apparent annual 
motion under the Ecliptick. Now, coming to the other, that is, the diurnal motion 
of the Earth in it self, it is necessary to establish its Poles and its Axis, the which 
must be understood not to be erect perpendicularly upon the plain of the 
Ecliptick, that is, not to be parallel to the Axis of the grand Orb, but declining 
from a right angle 23 degrees and an half, or thereabouts, with its North Pole 
towards the Axis of the grand Orb, the Earths centre being in the Solstitial point 
of Capricorn. Supposing therefore the Terrestrial Globe to have its centre in the 
point Capricorn, we will describe its Poles and Axis AB, inclined upon the 
diameter Capricorn Cancer 23 degrees and an half; so that the angle A Capricorn 
Cancer cometh to be the complement of a Quadrant or Radius, that is, 66 degrees 
and an half; and this inclination must be understood to be immutable, and we 
will suppose the superiour Pole A to be Boreal, or North, and the other Austral, 
or South. Now imagining the Earth to revolve in it self about the Axis AB in 
twenty four hours, from West to East, there shall by all the points assigned in its 
superficies, be circles described parallel to each other. We will draw, in this first 
position of the Earth, the greatest CD, and those two distant from it gr. 23. and 
an half, EF above, and GM beneath, and the other two extream ones IK and LM 
remote, by those intervals from the Poles A and B; and as we have marked these 
five, so we may imagine innumerable others, parallel to these, described by the 
innumerable points of the Terrestrial surface. Next let us suppose the Earth, with 
the annual motion of its centre, to transferre it self into the other places already 
marked; but to passe thither in such a manner, that its own Axis AB shall not 
only not change inclination upon the plain of the Ecliptick, but shall also never 
vary direction; so that alwayes keeping parallel to it self, it may continually tend 
towards the same part of the Universe, or, if you will, of the Firmament, 
whereas, if we do but suppose it prolonged, it will, with its extream termes, 
designe a Circle parallel and equal to the grand Orb, Libra Capricorn Aries 
Cancer, as the superiour base of a Cylinder described by it self in the annual 
motion above the inferiour base, Libra Capricorn Aries Cancer. And therefore 
this immutability of inclination continuing, we will design these other three 
figures about the centres Aries, Cancer, and Libra, alike in every thing to that 
first described about the centre Capricorn. Now we will consider the first figure 


of the Earth, in which, in regard the Axis AB is declined from perpendicularity 
upon the diameter Capricorn Cancer 23 degrees and an half towards the Sun O, 
and the arch AI being also 23 degrees and an half, the illumination of the Sun 
will illustrate the Hemisphere of the Terrestrial Globe exposed towards the Sun 
(of which, in this place, half is to be seen) divided from the obscure part by the 
Terminator of the light IM, by which the parallel CD, as being a grand circle, 
shall come to be divided into equal parts, but all the rest into parts unequal; 
being that the terminator of the light IM passeth not by their Poles AB, and the 
parallel IK, together with all the rest described within the same, and neerer to 
the pole A, shall wholly be included in the illuminated part; as on the contrary, 
the opposite ones towards the Pole B, contained within the parallel LM, shall 
remain in the dark. Moreover, the arch AI being equal to the arch FD, and the 
arch AF, common to them both, the two arches IKF and AFD shall be equal, and 
each a quadrant or 90 degrees. And because the whole arch IFM is a semicircle, 
the arch FM shall be a quadrant, and equal to the other FKI; and therefore the 
Sun O shall be in this state of the Earth vertical to one that stands in the point F. 
But by the revolution diurnal about the standing Axis AB, all the points of the 
parallel EF passe by the same point F: and therefore in that same day the Sun, at 
noon, shall be vertical to all the inhabitants of the Parallel EF, and will seem to 
them to describe in its apparent motion the circle which we call the Tropick of 
Cancer. But to the inhabitants of all the Parallels that are above the parallel EF, 
towards the North pole A, the Sun declineth from their Vertex or Zenith towards 
the South; and on the contrary, to all the inhabitants of the Parallels that are 
beneath EF, towards the Equinoctial CD, and the South Pole B, the Meridian 
Sun is elevated beyond their Vertex towards the North Pole A. Next, it is visible 
that of all the Parallels, only the greatest CD is cut in equal parts by the 
Terminator of the light IM. But the rest, that are beneath and above the said 
grand circle, are all intersected in parts unequal: and of the superiour ones, the 
semidiurnal arches, namely those of the part of the Terrestrial surface, illustrated 
by the Sun, are bigger than the seminocturnal ones that remain in the dark: and 
the contrary befalls in the remainder, that are under the great one CD, towards 
the pole B, of which the semidiurnal arches are lesser than the seminocturnal, It 
is likewise apparently manifest, that the differences of the said arches go 
augmenting, according as the Parallels are neerer to the Poles, till such time as 
the parallel IK comes to be wholly in the part illuminated, and the inhabitants 
thereof have a day of twenty four hours long, without any night; and on the 
contrary, the Parallel LM, remaining all in obscurity, hath a night of twenty four 
hours, without any day. Come we next to the third Figure of the Earth, placed 
with its centre in the point Cancer, where the Sun seemeth to be in the first point 


of Capricorn. We have already seen very manifestly, that by reason the Axis AB 
doth not change inclination, but continueth parallel to it self, the aspect and 
situation of the Earth is the same to an hair with that in the first Figure; save 
onely that that Hemisphere which in the first was illuminated by the Sun, in this 
remaineth obtenebrated, and that cometh to be luminous, which in the first was 
tenebrous: whereupon that which happened before concerning the differences of 
dayes and nights, touching the dayes being greater or lesser than the nights, now 
falls out quite contrary. And first, we see, that whereas in the first Figure the 
circle IK was wholly in the light, it is now wholly in the dark; and the opposite 
arch LM is now wholly in the light, which was before wholly in the dark. Of the 
parallels between the grand circle CD, and the Pole A, the semidiurnal arches are 
now lesser than the seminocturnal, which before were the contrary. Of the others 
likewise towards the Pole B, the semidiurnal arches are now bigger than the 
seminocturnal, the contrary to what happened in the other position of the Earth. 
We now see the Sun made vertical to the inhabitants of the Tropick GN, and to 
be depressed towards the South, with those of the Parallel EF, by all the arch 
ECG, that is, 47 degrees; and in summe, to have passed from one to the other 
Tropick, traversing the Equinoctial, elevating and declining in the Meridians the 
said space of 47 degrees. And all this mutation is derived not from the 
inclination or elevation of the Earth, but on the contrary, from its not inclining or 
elevating at all; and in a word, by continuing always in the same position, in 
respect of the Universe, onely with turning about the Sun situate iu the midst of 
the said plane, in which it moveth it self about circularly with its annual motion. 
And here is to be noted an admirable accident, An admirable accident depending 
on the not inclining of the Earths axis which is, that like as the Axis of the Earth 
conserving the same direction towards the Universe, or we may say, towards the 
highest Sphere of the fixed stars, causeth the Sun to appear to elevate and incline 
so great a space, namely, for 47 degrees, and the fixed Stars to incline or elevate 
nothing at all; so, on the contrary, if the same Axis of the Earth should maintain 
it self continually in the same inclination towards the Sun, or, if you will, 
towards the Axis of the Zodiack, no mutation would appear to be made in the 
Sun about its elevating or declining, whereupon the inhabitants of one and the 
same place would alwayes have one and the same difference of dayes and nights, 
and one and the same constitution of Seasons, that is, some alwayes Winter, 
others alwayes Summer, others Spring, &c. but, on the contrary, the alterations 
in the fixed Stars would appear very great, as touching their elevation, and 
inclination to us, which would amount to the same 47 degrees. For the 
understanding of which let us return to consider the position of the Earth, in its 


first Figure, where we see the Axis AB, with the superiour Pole A, to incline 
towards the Sun; but in its third Figure, the same Axis having kept the same 
direction towards the highest Sphere, by keeping parallel to it self, inclines no 
longer towards the Sun with its superiour Pole A, but on the contrary reclines 
from its former position gr. 47. and inclineth towards the opposite part, so that to 
restore the same inclination of the said Pole A towards the Sun, it would be 
requisite by turning round the Terrestrial Globe, according to the circumference 
ACBD, to transport it towards E those same gr. 47. and for so many degrees, any 
whatsoever fixed star observed in the Meridian, would appear to be elevated, or 
inclined. Let us come now to the explanation of that which remains, and let us 
consider the Earth placed in the fourth Figure, that is, with its centre in the first 
point of Libra; upon which the Sun will appear in the beginning of Aries. And 
because the Axis of 


[figure] 


the Earth, which in the first Figure is supposed to be inclined upon the diameter 
Capricorn Cancer, and therefore to be in that same plane, which cutting the plane 
of the grand Orb, according to the line Capricorn Cancer, was erected 
perpendicularly upon the same, transposed into the fourth Figure, and 
maintained, as hath alwayes been said, parallel to it self, it shall come to be in a 
plane in like manner erected to the superficies of the Grand Orbe, and parallel to 
the plane, which at right angles cuts the same superficies, according to the 
diameter Capricorn Cancer. And therefore the line which goeth from the centre 
of the Sunne to the centre of the Earth, that is, O Libra, shall be perpendicular to 
the Axis BA: but the same line which goeth from the centre of the Sunne to the 
centre of the Earth, is also alwayes perpendicular to the circle that is the 
Terminator of the light; therefore this same circle shall passe by the Poles AB in 
the fourth figure, and in its plain the Axis AB shall fall, but the greatest circle 
passing by the Poles of the Parallels, divideth them all in equal parts; therefore 
the arches IK, EF, CD, GN, LM, shall be all semicircles, and the illumin’d 
Hemisphere shall be this which looketh towards us, and the Sun, and the 
Terminator of the light shall be one and the same circle ACBD, and the Earth 
being in this place shall make it Equinoctial to all its Inhabitants. And the same 
happeneth in the second figure, where the Earth having its illuminated 
Hemisphere towards the Sun, sheweth us the other that is obscure, with its 
nocturnal arches, which in like manner are all semicircles, and consequently, 
here also it maketh the Equinoctial. And lastly in regard that the line produced 


from the centre of the Sun to the centre of the Earth, is perpendicular to the Axis 
AB, to which the greatest circle of the parallels CD, is likewise erect, the said 
line O Libra shall passe of necessity by the same Plain of the parallel CD, cutting 
its circumference in the midst of the diurnal arch CD; and therefore the Sun shall 
be vertical to any one that shall stand where that intersection is made; but all the 
Inhabitants of that Parallel shall passe the same, as being carried about by the 
Earths diurnal conversion; therefore all thes upon that day shall have the 
Meridian Sun in their vertex. And the Sun at the same time to all the Inhabitants 
of the Earth shall seem to describe the Grand Parallel called the Equinoctial. 
Furthermore, forasmuch as the Earth being in both the Solstitial points of the 
Polar circles IK and LM, the one is wholly in the light, and the other wholly in 
the dark; but when the Earth is in the Equinoctial points, the halves of those 
same polar circles are in the light, the remainder of them being in the dark; it 
should not be hard to understand, how that the Earth v. gr. from Cancer (where 
the parallel IK is wholly in the dark) to Leo, one part of the parallel towards the 
point I, beginneth to enter into the light, and that the Terminator of the light IM 
beginneth to retreat towards the Pole AB, intersecting the circle ACBD no 
longer in IM, but in two other points falling between the terms IA and MB, of 
the arches IA and MB; whereupon the Inhabitants of the circle begin to enjoy the 
light, and the other Inhabitants of the circle LM to partake of night. And thus 
you see that by two simple motions made in times proportionate to their 
bignesses, and not contrary to one another, but performed, as all others that 
belong to moveable mundane bodies, from West to East assigned to the 
Terrestrial Globe, adequate reasons are rendred of all those Phaenomena or 
appearances, for the accommodating of which to the stability of the Earth it is 
necessary (forsaking that Symetry which is observed to be between the velocities 
and magnitudes of moveables) to ascribe to a Sphere, vast above all others, an 
unconceiveable celerity, whilst the other lesser Spheres move extream slowly; 
and which is more, to make that motion contrary to all their motions; and, yet 
again to adde to the improbability, to make that superiour Sphere forcibly to 
transport all the inferiour ones along with it contrary to their proper inclination. 
And here I refer it to your judgment to determine which of the two is the most 
probable. 


SAGR. 


To me, as far as concerneth sense, there appeareth no small difference betwixt 
the simplicity and facility of operating effects by the means assigned in this new 
constitution, and the multiplicity, confusion, and difficulty, that is found in the 


ancient and commonly received Hypothesis. For if the Universe were disposed 
according to this multiplicity, it would be necessary to renounce many Maximes 
in Philosophy commonly received by Philosophers, Axiomes commonly 
admitted by all Philosophers. as for instance, That Nature doth not multiply 
things without necessity; and, That She makes use of the most facile and simple 
means in producing her effects; and, That She doth nothing in vain, and the like. 
I do confesse that I never heard any thing more admirable than this, nor can I 
believe that Humane Understanding ever penetrated a more sublime speculation. 
I know not what Simplicius may think of it. 


SIMP. 


These (if I may speak my judgment freely) do seem to me some of those 
Geometrical subtilties which Aristotle finds fault with in Plato, Aristotle taxeth 
Plato for being too studious of Geometry. when he accuseth him that by his too 
much studying of Geometry he forsook solid Philosophy; and I have known and 
heard very great Peripatetick Philosophers to disswade their Scholars from the 
Study of the Mathematicks, as those that render the wit cavilous, and unable to 
philosophate well; an Institute diametrically contrary to that of Plato, who 
admitted one to Philosophy, unlesse he was first well entered in Geometry. 


SALV. 


I commend the policy of these your Peripateticks, Peripatetick Philosophers 
condemn the Study of Geometry, and why. in dehorting their Disciples from the 
Study of Geometry, for that there is not art more commodious for detecting their 
fallacies; but see how they differ from the Mathematical Philosophers, who 
much more willingly converse with those that are well verst in the commune 
Peripatetick Philosophy, than with those that are destitute of that knowledg, who 
for want thereof cannot distinguish between doctrine and doctrine. But passing 
by this, tell me I beseech you, what are those extravagancies and those too 
affected subtilties that make you think this Copernican Systeme the lesse 
plausible? 


SIMP. 


To tell you true, I do not very well know; perhaps, because I have not so much 
as learnt the reasons that are by Ptolomy produced, of those effects, I mean of 
those stations, retrogradations, accessions, recessions of the Planets; 


lengthenings and shortnings of dayes, changes of seasons, &c. But omitting the 
consequences that depend on the first suppositions, I find in the suppositions 
themselves no small difficulties; which suppositions, if once they be overthrown, 
they draw along with them the ruine of the whole fabrick. Now forasmuch as 
because the whole module of Copernicus seemeth in my opinion to be built upon 
infirm foundations, in that it relyeth upon the mobility of the earth, if this should 
happen to be disproved, there would be no need of farther dispute. And to 
disprove this, the Axiom of Aristotle is in my judgement most sufficient, That of 
one simple body, one sole simple motion can be natural: but here in this case, to 
the Earth, Four several motions assigned to the Earth. a simple body, there are 
assigned 3. if not 4. motions, and all very different from each other. For besides 
the right motion, as a grave body towards its centre, which cannot be denied it, 
there is assigned to it a circular motion in a great circle about the Sun in a year, 
and a vertiginous conversion about its own centre in twenty four hours. And that 
in the next place which is more exorbitant, & which happly for that reason you 
pass over in silence, there is ascribed to it another revolution about its own 
centre, contrary to the former of twenty four hours, and which finisheth its 
period in a year. In this my understanding apprehendeth a very great 
contradiction. 


SALV. 


As to the motion of descent, The motion of descent belongs not to the terrestrial 
Globe, but to its parts. it hath already been concluded not to belong to the 
Terrestrial Globe which did never move with any such motion, nor never shall 
do; but is (if there be such a thing) that propension of its parts to reunite 
themselves to their whole. As, in the next place, to the Annual motion, and the 
Diurnal, The annual and diurnal motion are compatible in the Earth. these being 
both made towards one way, are very compatible, in the same manner just as if 
we should let a Ball trundle downwards upon a declining superficies, it would in 
its descent along the same spontaneously revolve in it self. As to the third 
motion assigned it by Copernicus, namely about it self in a year, onely to keep 
its Axis inclined and directed towards the same part of the Firmament, I will tell 
you a thing worthy of great consideration: namely ut tantum abest (although it be 
made contrary to the other annual) it is so far from having any repugnance or 
difficulty in it, Every pensil and librated, body carryed round in the 
circumference of a circle, acquireth of it self a motion in it self contrary to that. 
that naturally and without any moving cause, it agreeth to any whatsoever 
suspended and librated body, which if it shall be carried round in the 


circumference of a circle, immediate of it self, it acquireth a conversion about its 
own centre, contrary to that which carrieth it about, and of such velocity, that 
they both finish one revolution in the same time precisely. You may see this 
admirable, and to our purpose accommodate experience, An Experiment which 
sensibly shews that two contrary motions may naturally agree in the same 
moveable. if putting in a Bason of water a Ball that will swim; and holding the 
Bason in your hand, you turn round upon your toe, for you shall immediatly see 
the Ball begin to revolve in it self with a motion, contrary to that of the Bason, 
and it shall finish its revolution, when that of the Bason it shall finish. Now what 
other is the Earth than a pensil Globe librated in tenuous and yielding aire, which 
being carried about in a year along the circumference of a great circle, The third 
motion ascribed to the Earth is rather a resting immoveable. must needs acquire, 
without any other mover, a revolution about its own centre, annual, and yet 
contrary to the other motion in like manner annual? You shall see this effect I 
say, but if afterwards you more narrowly consider it, you shall find this to be no 
real thing, but a meer appearance; and that which you think to be a revolution in 
it self, you will find to be a not moving at all, but a continuing altogether 
immoveable in respect of all that which without you, and without the vessel is 
immoveable: for if in that Ball you shall make some mark, and consider to what 
part of the Room where you are, or of the Field, or of Heaven it is situate, you 
shall see that mark in yours, and the vessels revolution to look alwayes towards 
that same part; but comparing it to the vessel and to your self that are moveable, 
it will appear to go altering its direction, and with a motion contrary to yours, 
and that of the vessel, to go seeking all the points of its circumgyration; so that 
with more reason you and the bason may be said to turn round the immoveable 
Ball, than that it moveth round in the bason. In the same manner the Earth 
suspended and librated in the circumference of the Grand Orbe, and scituate in 
such sort that one of its notes, as for example, its North Pole, looketh towards 
such a Star or other part of the Firmament, it always keepeth directed towards 
the same, although carried round by the annual motion about the circumference 
of the said Grand Orbe. This alone is sufficient to make the Wonder cease, and 
to remove all difficulties. But what will Simplicius say, if to this non-indigence 
of the co-operating cause we should adde an admirable intrinsick vertue f the 
Terrestrial Globe, An admirable intern vertue of the terrestrial Globe of alwayes 
beholding the same part of Heaven. of looking with its determinate parts towards 
determinate parts of the Firmament, I speak of the Magnetick vertue constantly 
participated by any whatsoever piece of Loade-stone. And if every minute 
particle of that S one have in it such a vertue, The terrestrial Globe made of 
Loade-stone. who will question but that the same more powerfully resides in this 


whole Terrestrial Globe, abounding in that Magnetick matter, and which happily 
it self, as to its internal and primary substance, is nothing else but a huge masse 
of Loade-stone. 


SIMP. 


Then you are one of those it seems that hold the Magnetick Phylosophy William 
An eminent Doctor of Physick, our Countreyman, born at Colchester, and 
famous for this his learned Treatise, published about 60 years since at London, 
The Magnetick Philosophy of William Gilbert. Gilbert. 


SALV. 


I am for certain, and think that all those that have seriously read his Book, and 
tried his experiments, will bear me company therein; nor should I despair, that 
what hath befallen me in this case, might possibly happen to you also, if so be a 
curiosity, like to mine, and a notice that infinite things in Nature are still 
conceal’d from the wits of mankind, by delivering you from being captivated by 
this or that particular writer in natural things, should but slacken the reines of 
your Reason, and mollifie the contumacy and tenaceousnesse of your sense; so 
as that they would not refuse to hearken sometimes to novelties never before 
spoken of. The Pusillanimity of Popular Wits. But (permit me to use this phrase) 
the pusillanimity of vulgar Wits is come to that passe, that not only like blind 
men, they make a gift, nay tribute of their own assent to whatsoever they find 
written by those Authours, which in the infancy of their Studies were laid before 
them, as authentick by their Tutors, but refuse to hear (not to say examine) any 
new Proposition or Probleme, although it not only never hath been confuted, but 
not so much as examined or considered by their Authours. Amongst which, one 
is this, of investigating what is the true, proper, primary, interne, and general 
matter and substance of this our Terrestrial Globe; For although it never came 
into the mind either of Aristotle, or of any one else, before William Gilbert to 
think that it might be a Magnet, so far are Aristotle and the rest from confuting 
this opinion, yet neverthelesse I have met with many, that at the very first 
mention of it, as a Horse at his own shadow, have start back, and refused to 
discourse thereof, and censured the conceipt for a vain Chymaera, yea, for a 
solemn madnesse: and its possible the Book of Gilbert had never come to my 
hands, if a Peripatetick Philosopher, of great fame, as I believe, to free his 
Library from its contagion, had not given it me. 


SIMP. 


I, who ingenuously confesse my self to be one of those vulgar Wits, and never 
till within these few dayes that I have been admitted to a share in your 
conferences, could I pretend to have in the least withdrawn from those trite and 
popular paths, yet, for all that, I think I have advantaged my self so much, as that 
I could without much trouble or difficulty, master the roughnesses of these novel 
and fantastical opinions. 


SALV. 


If that which Gilbert writeth be true, then is it no opinion, but the subject of 
Science; nor is it new, but as antient as the Earth it self; nor can it (being true) be 
rugged or difficult, but plain and easie; and when you please I shall make you 
feel the same in your hand, for that you of your self fancy it to be a Ghost, and 
stand in fear of that which hath nothing in it of dreadfull, like as a little child 
doth fear the Hobgoblin, without knowing any more of it, save the name; as that 
which besides the name is nothing. 


SIMP. 
I should be glad to be informed, and reclaimed from an errour. 
SALV. 


Answer me then to the questions that I shall ask you. And first of all, Tell me 
whether you believe, that this our Globe, which we inhabit and call Earth, 
consisteth of one sole and simple matter, or else that it is an aggregate of matters 
different from each other. 


SIMP. 


I see it to be composed of substances and bodies very different; The Terrestrial 
Globe composed of sundry matters. and first, for the greatest parts of the 
composition, I see the Water and the Earth, which extreamly differ from one 
another. 


SALV. 


Let us, for this once, lay aside the Seas and other Waters, and let us consider the 
solid parts, and tell me, if you think them one and the same thing, or else 
different. 


SIMP. 


As to appearance, I see that they are different things, there being very great 
heaps of unfruitful sands, and others of fruitful soiles; There are infinite sharp 
and steril mountains, full of hard stones and quarries of several kinds, as 
Porphyre, Alablaster, Jasper, and a thousand other kinds of Marbles: There are 
vast Minerals of so many kinds of metals; and in a word, such varieties of 
matters, that a whole day would not suffice only to enumerate them. 


SALV. 


Now of all these different matters, do you think, that in the composition of this 
grand masse, there do concur portions, or else that amongst them all there is one 
part that far exceeds the rest, and is as it were the matter and substance of the 
immense lump? 


SIMP. 


I believe that the Stones, Marbles, Metals, Gems, and the so many other several 
matters are as it were Jewels, and exteriour and superficial Ornaments of the 
primary Globe, which in grosse, as I believe, doth without compare exceed all 
these things put together. 


SALV. 


And this principal and vast masse, of which those things above named are as it 
were excressences and ornaments, of what matter do you think that it is 
composed? 


SIMP. 
I think that it is the simple, or lesse impure element of Earth. 


SALV. 


But what do you understand by Earth? Is it haply that which is dispersed all over 
the fields, which is broke up with Mattocks and Ploughs, wherein we sowe 
corne, and plant fruits, and in which great boscages grow up, without the help of 
culture, and which is, in a word, the habitation of all animals, and the womb of 
all vegetables? 


SIMP. 
Tis this that I would affirm to be the substance of this our Globe. 
SALV. 


But in this you do, in my judgment, affirm that which is not right: for this Earth 
which is broke up, is sowed, and is fertile, is but one part, and that very small of 
the surface of the Globe, which doth not go very deep, yea, its depth is very 
small, in comparison of the distance to the centre: and experience sheweth us, 
that one shall not dig very low, but one shall finde matters very different from 
this exteriour scurf, more solid, and not good for the production of vegetables. 
Besides the interne parts, as being compressed by very huge weights that lie 
upon them, are, in all probability, slived, and made as hard as any hard rock. One 
may adde to this, that fecundity would be in vain conferred upon those matters 
which never were designed to bear fruit, but to rest eternally buried in the 
profound and dark abysses of the Earth. 


SIMP. 


But who shall assure us, that the parts more inward and near to the centre are 
unfruitful? They also may, perhaps, have their productions of things unknown to 
us? 


SALV. 


You may aswell be assured thereof, as any man else, as being very capable to 
comprehend, that if the integral bodies of the Universe be produced onely for the 
benefit of Mankind, this above all the rest ought to be destin’d to the sole 
conveniences of us its inhabitants. But what benefit can we draw from matters so 
hid and remote from us, as that we shall never be able to make use of them?The 
interne parts of the terrestrial Globe must of necessity be solid. Therefore the 
interne substance of this our Globe cannot be a matter frangible, dissipable, and 
non-coherent, like this superficial part which we callOr MOULD. EARTH: but it 


must, of necessity, be a most dense and solid body, and in a word, a most hard 
stone. And, if it ought to be so, what reason is there that should make you more 
scrupulous to believe that it is a Loadstone than a Porphiry, a Jasper, or other 
hard Marble? Happily if Gilbert had written, that this Globe is all compounded 
within ofOf which with the Latin translatour, I must once more professe my self 
ignorant. Pietra Serena, or of Chalcedon, the paradox woul have seemed to you 
lesse exorbitant? 


SIMP. 


That the parts of this Globe more intern are more compressed, and so more 
slived together and solid, and more and more so, according as they lie lower, I 
do grant, and so likewise doth Aristotle, but that they degenerate and become 
other than Earth, of the same sort with this of the superficial parts, I see nothing 
that obliegeth me to believe. 


SALV. 


I undertook not this discourse with an intent to prove demonstratively that the 
primary and real substance of this our Globe is Loadstone; but onely to shew 
that no reason could be given why one should be more unwilling to grant that it 
is of Loadstone, Our Globe would have been called stone, in stead of Earth, of 
that name had been giuen it in the beginning. than of some other matter. And if 
you will but seriously consider, you shall find that it is not improbable, that one 
sole, pure, and arbitrary name, hath moved men to think that it consists of Earth; 
and that is their having made use commonly from the beginning of this word 
Earth, as well to signifie that matter which is plowed and sowed, as to name this 
our Globe. The denomination of which if it had been taken from stone, as that it 
might as well have been taken from that as from the Earth; the saying that its 
primary substance was stone, would doubtlesse have found no scruple or 
opposition in any man. And is so much the more probable, in that I verily 
believe, that if one could but pare off the scurf of this great Globe, taking away 
but one full thousand or two thousand yards; and afterwards seperate the Stones 
from the Earth, the accumulation of the stones would be very much biger than 
that of the fertile Mould. But as for the reasons which concludently prove de 
facto, that is our Globe is a Magnet, I have mentioned none of them, nor is this a 
time to alledg them, and the rather, for that to your benefit you may read them in 
Gilbert; onely to encourage you to the perusal of them, I will set before you, in a 
similitude of my own, The method of Gilbert in his Philosophy. the method that 


he observed in his Philosophy. I know you understand very well how much the 
knowledg of the accidents is subservient to the investigation of the substance and 
essence of things; therefore I desire that you would take pains to informe your 
self well of many accidents and properties that are found in the Magnet, Many 
properties in the Magnet. and in no other stone, or body; as for instance of 
attracting Iron, of conferring upon it by its sole presence the same virtue, of 
communicating likewise to it the property of looking towards the Poles, as it also 
doth it self; and moreover endeavour to know by trial, that it containeth in it a 
virtue of conferring upon the magnetick needle not onely the direction under a 
Meridian towards the Poles, with an Horizontal motion, (a property a long time 
ago known) but a new found accident, of declining (being ballanced under the 
Meridian before marked upon a little spherical Magnet) of declining I say to 
determinate marks more or lesse, according as that needle is held nearer or 
farther from the Pole, till that upon the Pole it self it erecteth perpendicularly, 
whereas in the middle parts it is parallel to the Axis. Furthermore procure a 
proof to be made, whether the virtue of attracting Iron, residing much more 
vigorously about the Poles, than about the middle parts, this force be not notably 
more vigorous in one Pole than in the other, and that in all pieces of Magnet; the 
stronger of which Poles is that which looketh towards the South. Observe, in the 
next place, that in a little Magnet this South and more vigorous Pole, becometh 
weaker, when ever it is to take up an iron in presence of the North Pole of 
another much bigger Magnet: and not to make any tedious discourse of it, 
assertain your self, by experience, of these and many other properties described 
by Gilbert, which are all so peculiar to the Magnet, as that none of them agree 
with any other matter. Tell me now, Simplicius, if there were laid before you a 
thousand pieces of several matters, but all covered and concealed in a cloth, 
under which it is hid, and you were required, without uncovering them, a 
guesse, by external signes, at the matter of each of them, and that in making trial, 
you should hit upon one that should openly shew it self to have all the properties 
by you already acknowledged to reside onely in the Magnet, and in no other 
matter, what judgment would you make of the essence of such a body? Would 
you say, that it might be a piece of Ebony, or Alablaster, o Tin. 


SIMP. 
I would say, without the least haesitation, that it was a piece of Loadstone. 


SALV. 


If it be so, say resolutely, that under this cover and scurf of Earth, stones, metals, 
water, &c. there is hid a great Magnet, forasmuch as about the same there may 
be seen by any one that will heedfully observe the same, all those very accidents 
that agree with a true and visible Globe of Magnet; but if no more were to be 
seen than that of the Declinatory Needle, which being carried about the Earth, 
more and more inclineth, as it approacheth to the North Pole, and declineth lesse 
towards the Equinoctial, under which it finally is brought to an Aequilibrium, it 
might serve to perswade even the most scrupulous judgment. I forbear to 
mention that other admirable effect, which is sensibly observed in every piece of 
Magnet, of which, to us inhabitants of the Northern Hemisphere, the Meridional 
Pole of the said Magnet is more vigorous than the other; and the difference is 
found greater, by how much one recedeth from the Equinoctial; and under the 
Equinoctial both the parts are of equal strength, but notably weaker. But, in the 
Meridional Regions, far distant from the Equinoctial, it changeth nature, and that 
part which to us was more weak, acquireth more strength than the other: and all 
this I confer with that which we see to be done by a small piece of Magnet, in 
the presence of a great one, the vertue of which superating the lesser, maketh it 
to become obedient to it, and according as it is held, either on this or on that side 
the Equinoctial of the great one, maketh the self same mutations, which I have 
said are made by every Magnet, carried on this side, or that side of the 
Equinoctiall of the Earth. 


SAGR. 


I was perswaded, at the very first reading of the Book of Gilbertus; and having 
met with a most excellent piece of Magnet, The Magnet armed takes up much 
more Iron, than when armed. I, for a long time, made many Observations, and all 
worthy of extream wonder; but above all, that seemeth to me very stupendious of 
increasing the faculty of taking up Iron so much by arming it, like as the said 
Authour teacheth; and with arming that piece of mine, I multiplied its force in 
octuple proportion; and whereas unarmed it scarce took up nine ounces of Iron, 
it being armed did take up above six pounds: And, it may be, you have seen this 
Loadstone in theOr Closet of rarities. Gallery of your Most Serene Grand Duke 
(to whom I presented it) upholding two little Anchors of Iron. 


SALV. 


I saw it many times, and with great admiration, till that a little piece of the like 
stone gave me greater cause of wonder, that is in the keeping of our Academick, 


which being no more than of six ounces weight, and sustaining, when unarmed, 
hardly two ounces, doth, when armed, take up 160. ounces, so as that it is of 80. 
times more force armed than unarmed, and takes up a weight 26. times greater 
than its own; a much greater wonder than Gilbert could ever meet with, who 
writeth, that he could never get any Loadstone that could reach to take up four 
times its own weight. 


SAGR. 


In my opinion, this Stone offers to the wit of man a large Field to Phylosophate 
in; and I have many times thought with my self, how it can be that it conferreth 
on that Iron, which armeth it, a strength so superiour to its own; and finally, I 
finde nothing that giveth me satisfaction herein; nor do I find any thing 
extraordinary in that which Gilbert writes about this particular; I know not 
whether the same may have befallen you. 


SALV. 


I extreamly praise, admire, and envy this Authour, for that a conceit so 
stupendious should come into his minde, touching a thing handled by infinite 
sublime wits, and hit upon by none of them: I think him moreover worthy of 
extraordinary applause for the many new and true Observations that he made, to 
the disgrace of so many fabulous Authours, that write not only what they do not 
know, but what ever they hear spoken by the foolish vulgar, never seeking to 
assure themselves of the same by experience, perhaps, because they are 
unwilling to diminish the bulk of their Books. That which I could have desired in 
Gilbert, is, that he had been a little greater Mathematician, and particularly well 
grounded in Geometry, the practice whereof would have rendered him less 
resolute in accepting those reasons for true Demonstrations, which he produceth 
for true causes of the true conclusions observed by himself. Which reasons 
(freely speaking) do not knit and bind so fast, as those undoubtedly ought to do, 
in that of natural, necessary, and lasting conclusions may be alledged. And I 
doubt not, but that in processe of time this new Science will be perfected with 
new observations, and, which is more, with true and necessary Demonstrations. 
The first observers and inventers of things ought to be admired. Nor ought the 
glory of the first Inventor to be thereby diminished; nor do I lesse esteem, but 
rather more admire, the Inventor of the Harp (although it may be supposed that 
the Instrument at first was but rudely framed, and more rudely fingered) than an 
hundred other Artists, that in the insuing Ages reduced that profession to great 


perfection. And methinks, that Antiquity had very good reason to enumerate the 
first Inventors of the Noble Arts amongst the Gods; seeing that the common wits 
have so little curiosity, and are so little regardful of rare and elegant things, that 
though they see and hear them exercitated by the exquisite professors of them, 
yet are they not thereby perswaded to a desire of learning them. Now judge, 
whether Capacities of this kind would ever have attempted to have found out the 
making of the Harp, or the invention of Musick, upon the hint of the whistling 
noise of the dry sinews of a Tortois, or from the striking of four Hammers. The 
application to great inventions moved by small hints, and the thinking that under 
a primary and childish appearance admirable Arts may lie hid, is not the part of a 
trivial, but of a super-humane spirit. Now answering to your demands, I say, that 
I also have long thought upon what might possibly be the cause of this so 
tenacious and potent union, that we see to be made between the one Iron that 
armeth the Magnet, and the other that conjoyns it self unto it. And first, The true 
cause of the multiplication of vertue in the Magnet, by means of the arming. we 
are certain, that the vertue and strength of the stone doth not augment by being 
armed, for it neither attracts at greater distance, nor doth it hold an Iron the 
faster, if between it, and the arming or cap, a very fine paper, or a leaf of beaten 
gold, be interposed; nay, with that interposition, the naked stone takes up more 
Iron than the armed. There is therefore no alteration in the vertue, and yet there 
is an innovation in the effect. And because its necessary, Of a new effect its 
necessary that the cause be likewise new. that a new effect have a new cause, if 
it be inquired what novelty is introduced in the act of taking up with the cap or 
arming, there is no mutation to be discovered, but in the different contact; for 
whereas before Iron toucht Loadstone, now Iron toucheth Iron. Therefore it is 
necessary to conclude, It is proved, that Iron consists of parts more subtil, pure, 
and compact than the magnet. that the diversity of contacts is the cause of the 
diversity of effects. And for the difference of contacts it cannot, as I see, be 
derived from any thing else, save from that the substance of the Iron is of parts 
more subtil, more pure, and more compacted than those of the Magnet, which 
are more grosse, impure, and rare. From whence it followeth, that the superficies 
of two Irons that are to touch, by being exquisitely plained, filed, and burnished, 
do so exactly conjoyn, that all the infinite points of the one meet with the infinite 
points of the other; so that the filaments, if I may so say, that collegate the two 
Irons, are many more than those that collegate the Magnet to the Iron, by reason 
that the substance of the Magnet is more porous, and lesse compact, which 
maketh that all the points and filaments of the Loadstone do not close with that 
which it unites unto. In the next place, that the substance of Iron (especially the 
well refined, as namely, the purest steel) is of parts much more dense, subtil, and 


pure than the matter of the Loadstone, is seen, in that one may bring its edge to 
an extraordinary sharpnesse, such as is that of the Rasor, which can never be in 
any great measure effected in a piece of Magnet. A sensible proof of the 
impurity of the Magnet. Then, as for the impurity of the Magnet, and its being 
mixed with other qualities of stone, it is first sensibly discovered by the colour of 
some little spots, for the most part white; and next by presenting a needle to it, 
hanging in a thread, which upon those stonynesses cannot find repose, but being 
attracted by the parts circumfused, seemeth to fly from The Author hereby 
meaneth that the stone doth not all consist of magnetick matter, but that the 
whiter specks being weak, those other parts of the Loadstone of a more dark & 
constant colour, contain all that vertue wherewith bodies are attracted. those, and 
to leap upon the Magnet contiguous to them: and as some of those Heterogeneal 
parts are for their magnitude very visible, so we may believe, that there are 
others, in great abundance, which, for their smallnesse, are imperceptible, that 
are disseminated throughout the whole masse. That which I say, (namely, that 
the multitude of contacts that are made between Iron and Iron, is the cause of the 
so solid conjunction) is confirmed by an experiment, which is this, that if we 
present the sharpned point of a needle to the cap of a Magnet, it will stick no 
faster to it, than to the same stone unarmed: which can proceed from no other 
cause, than from the equality of the contacts that are both of one sole point. But 
what then? Let a A common sewing needle. Needle be taken and placed upon a 
Magnet, so that one of its extremities hang somewhat over, and to that present a 
Nail; to which the Needle will instantly cleave, insomuch that withdrawing the 
Nail, the Needle will stand in suspense, and with its two ends touching the 
Magnet and the Iron; and withdrawing the Nail yet a little further, the Needle 
will forsake the Magnet; provided that the eye of the Needle be towards the Nail, 
and the point towards the Magnet; but if the eye be towards the Loadstone, in 
withdrawing the Nail the Needle will cleave to the Magnet; and this, in my 
judgment, for no other reason, save onely that the Needle, by reason it is bigger 
towards the eye, toucheth in much more points than its sharp point doth. 


SAGR. 


Your whole discourse hath been in my judgment very concluding, and this 
experiment of the Needle hath made me think it little inferiour to a Mathematical 
Demonstration; and I ingenuously confesse, that in all the Magnetick 
Philosophy, I never heard or read any thing, that with such strong reasons gave 
account of its so many admirable accidents, of which, if the causes were with the 


same perspicuity laid open, I know not what sweeter food our Intellects could 
desire. 


SALV. 


In seeking the reasons of conclusions unknown unto us, it is requisite to have the 
good fortune to direct the discourse from the very beginning towards the way of 
truth; in which if any one walk, it will easily happen, that one shall meet with 
several other Propositions known to be true, either by disputes or experiments, 
from the certainty of which the truth of ours acquireth strength and evidence; as 
it did in every respect happen to me in the present Probleme, for being desirous 
to assure my self, by some other accident, whether the reason of the Proposition, 
by me found, were true; namely, whether the substance of the Magnet were 
really much lesse continuate than that of Iron or of Steel, I made the Artists that 
work in the Gallery of my Lord the Grand Duke, to smooth one side of that piece 
of Magnet, which formerly was yours, and then to polish and burnish it; upon 
which to my satisfaction I found what I desired. For I discovered many specks of 
colour different from the rest, but as splendid and bright, as any of the harder 
sort of stones; the rest of the Magnet was polite, but to the tact onely, not being 
in the least splendid; but rather as if it were smeered over with foot; and this was 
the substance of the Loadstone, and the shining part was the fragments of other 
stones intermixt therewith, as was sensibly made known by presenting the face 
thereof to filings of Iron, the which in great number leapt to the Loadstone, but 
not so much as one grain did stick to the said spots, which were many, some as 
big as the fourth part of the nail of a mans finger, others somewhat lesser, the 
least of all very many, and those that were scarce visible almost innumerable. So 
that I did assure my self, that my conjecture was true, when I first thought that 
the substance of the Magnet was not close and compact, but porous, or to say 
better, spongy; but with this difference, that whereas the sponge in its cavities 
and little cels conteineth Air or Water, the Magnet hath its pores full of hard and 
heavy stone, as appears by the exquisite lustre which those specks receive. 
Whereupon, as I have said from the beginning, applying the surface of the Iron 
to the superficies of the Magnet the minute particles of the Iron, though perhaps 
more continuate than these of any other body (as its shining more than any other 
matter doth shew) do not all, nay but very few of them incounter pure Magnet; 
and the contacts being few, the union is but weak. But because the cap of the 
Loadstone, besides the contact of a great part of its superficies, invests its self 
also with the virtue of the parts adjoyning, although they touch not; that side of it 
being exactly smoothed to which the other face, in like manner well polisht of 


the Iron to be attracted, is applyed, the contract is made by innumerable minute 
particles, if not haply by the infinite points of both the superficies, whereupon 
the union becometh very strong. This observation of smoothing the surfaces of 
the Irons that are to touch, came not into the thoughts of Gilbert, for he makes 
the Irons convex, so that their contact is very small; and thereupon it cometh to 
passe that the tenacity, wherewith those Irons conjoyn, is much lesser. 


SAGR. 


I am, as I told you before, little lesse satisfied with this reason, that if it were a 
pure Geometrical Demonstration; and because we speak of a Physical Problem, I 
believe that also Simplicius will find himself satisfied as far as natural science 
admits, in which he knows that Geometrical evidence is not to be required. 


SIMP. 


I think indeed, Sympathy and Antipathy, terms used by Philosophers to give a 
reason easily of many natural effests= that Salviatus with a fine circumlocution 
hath so manifestly displayed the cause of this effect, that any indifferent wit, 
though not verst in the Sciences, may apprehend the same; but we, confining our 
selves to the terms of Art, reduce the cause of these and other the like natural 
effects to Sympathy, which is a certain agreemet and mutual appetite which 
ariseth between things that are semblable to one another in qualities; as likewise 
on the contrary that hatred & enmity for which other things shun & abhor one 
another we call Antipathy. 


SAGR. 


And thus with these two words men come to render reasons of a great number of 
accidents and effects which we see not without admiration to be produced in 
nature. But this kind of philosophating seems to me to have great sympathy with 
a certain way of Painting that a Friend of mine used, A pleasant example 
declaring the invalidity of some Phylosophical argumentations. who writ upon 
the Tele or Canvasse in chalk, here I will have the Fountain with Diana and her 
Nimphs, there certain Hariers, in this corner I will have a Hunts-man with the 
Head of a Stag, the rest shall be Lanes, Woods, and Hills; and left the remainder 
for the Painter to set forth with Colours; and thus he perswaded himself that he 
had painted the Story of Acteon, when as he had contributed thereto nothing of 
his own more than the names. But whether are we wandred with so long a 


digression, contrary to our former resolutions? I have almost forgot what the 
point was that we were upon when we fell into this magnetick discourses and 
yet I had something in my mind that I intended to have spoken upon that subject. 


SALV. 


We were about to demonstrate that third motion ascribed by Copernicus to the 
Earth to be no motion but a quiescence and maintaining of it self immutably 
directed with its determinate parts towards the same & determinate parts of the 
Universe, that is a perpetual conservation of the Axis of its diurnal revolution 
parallel to it self, and looking towards such and such fixed stars; which most 
constant position we said did naturally agree with every librated body suspended 
in a fluid and yielding medium, which although carried about, yet did it not 
change directionin respect of things external, but onely seemed to revolve in its 
self, in respect of that which carryed it round, and to the vessel in which it was 
transported. And then we added to this simple and natural accident the 
magnetick virtue, whereby the self Terrestrial Globe might so much the more 
constantly keep it immutable, — 


SAGR. 


Now I remember the whole businesse; and that which then came into my minde, 
& which I would have intimated, was a certain consideration touching the 
scruple and objection of Simplicius, which he propounded against the mobility 
of the Earth, taken from the multiplicity of motions, The several natural motions 
of the Magnet. impossible to be assigned to a simple body, of which but one sole 
and simple motion, according to the doctrine of Aristotle, can be natural; and 
that which I would have proposed to consideration, was the Magnet, to which we 
manifestly see three motions naturally to agree: one towards the centre of the 
Earth, as a Grave; the second is the circular Horizontal Motion, whereby it 
restores and conserves its Axis towards determinate parts of the Universe; and 
the third is this, newly discovered by Gilbert, of inclining its Axis, being in the 
plane of a Meridian towards the surface of the Earth, and this more and lesse, 
according as it shall be distant from the Equinoctial, under which it is parallel to 
the Axis of the Earth. Besides these three, it is not perhaps improbable, but that it 
may have a fourth, of revolving upon its own Axis, in case it were librated and 
suspended in the air or other fluid and yielding Medium, so that all external and 
accidental impediments were removed, and this opinion Gilbert himself seemeth 


also to applaud. So that, Simplicius, you see how tottering the Axiome of 
Aristotle is. 


SIMP. 


This doth ot only not make against the Maxime, but not so much as look towards 
it: for that he speaketh of a simple body, and of that which may naturally consist 
therewith; but you propose that which befalleth a mixt body; nor do you tell us 
of any thing that is new to the doctrine of Aristotle, for that he likewise granteth 
to mixt bodies compound motions by — 


SAGR. 


Stay a little, Simplicius, & answer me to the questions I shall ask you. Aristole 
grants a compound motion to mixt bodies. You say that the Loadstone is no 
simple body, now I desire you to tell me what those simple bodies are, that 
mingle in composing the Loadstone. 


SIMP. 


I know not how to tell you th’ingredients nor simples precisely, but it sufficeth 
that they are things elementary. 


SALV. 


So much sufficeth me also. And of these simple elementary bodies, what are the 
natural motions? 


SIMP. 
They are the two right and simple motions, sursum and deorsum. 
SAGR. 


Tell me in the next place? Do you believe that the motion, that shall remain 
natural to that same mixed body, should be one that may result from the 
composition of the two simple natural motions of the simple bodies 
compounding, or that it may be a motion impossible to be composed of them. 
The motion of mixt bodies ought to be such as may result from the composition 
of the motions of the simple bodies compounding. 


SIMP. 


I believe that it shall move with the motion resulting from the composition of the 
motions of the simple bodies compounding, and that with a motion impossible to 
be composed of these, it is impossible that it should move. 


SAGR. 


But, Simplicius, with two right and simple motions, you shall never be able to 
compose a circular motion, With two right motions one cannot compose circular 
motions. such as are the two, or three circular motions that the magnet hath: you 
see then into what absurdities evil grounded Principles, or, to say better, 
Philosophers are forced to confesse that the Magnet is compounded of coelestial 
substances, and of elementary. the ill-inferred consequences of good Principles 
carry a man; for you are now forced to say, that the Magnet is a mixture 
compounded of substances elementary and coelestial, if you will maintain that 
the straight motion is a peculiar to the Elements, and the circular to the coelestial 
bodies. Therefore if you will more safely argue, you must say, that of the 
integral bodies of the Universe, those that are by nature moveable, do all move 
circularly, and that therefore the Magnet, as a part of the true primary, The 
errour of those who call the Magnet a mixt body, and the terrestrial Globe a 
simble body. and integral substance of our Globe, pertaketh of the same qualities 
with it. And take notice of this your fallacy, in calling the Magnet a mixt body, 
and the Terrestrial Globe a simple body, which is sensibly perceived to be a 
thousand times more compound: for, besides that it containeth an hundred an 
hundred matters, exceeding different from one another, it containeth great 
abundance of this which you call mixt, I mean of the Loadstone. This seems to 
me just as if one should call bread a mixt body, andOgliopotrida a Spanish dish 
of many ingredients boild together. Pannada a simple body, in which there is put 
no small quantity of bread, besides many other things edible. This seemeth to me 
a very admirable thing, amongst others of the Peripateticks, The Discourses of 
Peripateticks, full of errours and contradictions. who grant (nor can it be denied) 
that our Terrestrial Globe is, de facto, a compound of infinite different matters; 
and grant farther that of compound bodies the motion ought to be compound: 
now the motions that admit of composition are the right and circular: For the two 
right motions, as being contrary, are incompatible together, they affirm, that the 
pure Element of Earth is no where to be found; they confesse, that it never hath 
been moved with a local motion; and yet they will introduce in Nature that body 
which is not to be found, and make it move with that motion which it never 


exercised, nor never shall do, and to that body which hath, and ever had a being, 
they deny that motion, which before they granted, ought naturally to agree 
therewith. 


SALV. 


I beseech you, Sagredus, let us not weary our selves any more about these 
particulars, and the rather, because you know that our purpose was not to 
determine resolutely, or to accept for true, this or that opinion, but only to 
propose for our divertisement such reasons, and answers as may be alledged on 
the one side, or on the other; and Simplicius maketh this answer, in defence of 
his Peripateticks, therefore let us leave the judgment in suspense, and remit the 
determination into the hands of such as are more known than we. And because I 
think that we have, with sufficient prolixity, in these three dayes, discoursed 
upon the Systeme of the Universe, it will now be seasonable, that we proceed to 
the grand accident, from whence our Disputations took beginning, I mean, of the 
ebbing and flowing of the Sea, the cause whereof may, in all probability, be 
referred to the motion of the Earth. But that, if you so please, we will reserve till 
to morrow. In the mean time, that I may not forget it, I will speak to one 
particular, to which I could have wished, that Gilbert had not lent an ear; An 
improbable effect admired by Gilbertus in the Loadstone. I mean that of 
admitting, that in case a little Sphere of Loadstone might be exactly librated, it 
would revolve in it self; because there is no reason why it should do so; For if 
the whole Terrestrial Globe hath a natural faculty of revolving about its own 
centre in twenty four hours, and that all its parts ought to have the same, I mean, 
that faculty of turning round together with their whole, about its centre in twenty 
four hours; they already have the same in effect, whilst that, being upon the 
Earth, they turn round along with it: And the assigning them a revolution about 
their particular centres, would be to ascribe unto them a second motion much 
different from the first: for so they would have two, namely, the revolving in 
twenty four hours about the centre of their whole; and the turning about their 
own: now this second is arbitrary, nor is there any reason for the introducing of 
it: If by plucking away a piece of Loadstone from the whole natural masse, it 
were deprived of the faculty of following it, as it did, whilst it was united 
thereto, so that it is thereby deprived of the revolution about the universal centre 
of the Terrestrial Globe, it might haply, with somewhat greater probability be 
thought by some, that the said Magnet was to appropriate to it self a new 
conversion about its particular centre; but if it do no lesse, when separated, than 


when conjoyned, continue always to pursue its first, eternal, and natural course, 
to what purpose should we go about to obtrude upon it another new one? 


SAGR. 


I understand you very well, and this puts me in mind of a Discourse very like to 
this for the vanity of it, The vain argumentation of some to prove the Element of 
Water to be of a Spherical superficies. falling from certain Writers upon the 
Sphere, and I think, if I well remember, amongst others from Sacrobosco, who, 
to shew how the Element of Water, doth, together with the Earth, make a 
compleat Spherical Figure, and so between them both compose this our Globe, 
writeth, that the seeing the small * particles of water shape themselves into 
rotundity, as in the drops, and in the dew daily apparent upon the leaves of 
several herbs, is a strong argument; and because, according to the trite Axiome, 
there is the same reason for the whole, as for the parts, the parts affecting that 
same figure, it is necessary that the same is proper to the whole Element: and 
truth is, methinks it is a great oversight that these men should not perceive so 
apparent a vanity, and consider that if their argument had run right, it would 
have followed, that not only the small drops, but that any whatsoever greater 
quantity of water separated from the whole Element, should be reduced into a 
Globe: Which is not seen to happen; though indeed the Senses may see, and the 
Understanding perceive that the Element of Water loving to form it self into a 
Spherical Figure about the common centre of gravity, to which all grave bodies 
tend (that is, the centre of the Terrestrial Globe) it therein is followed by all its 
parts, according to the Axiome; so that all the surfaces of Seas, Lakes, Pools, and 
in a word, of all the parts of Waters conteined in vessels, distend themselves into 
a Spherical Figure, but that Figure is an arch of that Sphere that hath for its 
centre the centre of the Terrestrial Globe, and do not make particular Spheres of 
themselves. 


SALV. 


The errour indeed is childish; and if it had been onely the single mistake of 
Sacrobosco, I would easily have allowed him in it; but to pardon it also to his 
Commentators, and to other famous men, and even to Ptolomy himselfe; this I 
cannot do, without blushing for their reputation. But it is high time to take leave, 
it now being very late, and we being to meet again to morrow, at the usual hour, 
to bring all the foregoing Discourses to a final conclusion. 


Place this Plate at the end of the third Dialogue 


THE FOURTH DIALOGUE. 


INTERLOCVTORS. SALVIATUS, SAGREDUS, & SIMPLICIUS. 
SAGR. 


I know not whether your return to our accustomed conferences hath really been 
later than usual, or whether the desire of hearing the thoughts of Salviatus, 
touching a matter so curious, hath made me think it so: But I have tarried a long 
hour at this window, expecting every moment when the Gondola would appear 
that I sent to fetch you. 


SALV. 


I verily believe that your imagination more than our tarriance hath prolonged the 
time: Nature in sport maketh the ebbing and flowing of the Sea, to approve the 
Earth mobility. and to make no longer demurre, it would be well, if without 
interposing more words, we came to the matter it self; and did shew, that nature 
hath permitted (whether the business in rei veritate be so, or else to play and 
sport with our Fancies) hath, The tide, and mobility of the Earth mutually 
confirm each other. I say, hath permitted that the motions for every other respect, 
except to resolve the ebbing and flowing of the Sea, assigned long since to the 
earth, should be found now at last to answer exactly to the cause thereof; and, as 
it were, All terrene effects, indifferently confirm the motion or rest of the Earth, 
except the ebbing and flowing of the Sea. with mutual a emulation, the said 
ebbing and flowing to appear in confirmation of the Terrestrial motion: the 
judices whereof have hitherto been taken from the coelestial Phaenomena, in 
regard that of those things that happen on Earth, not any one was of force to 
prove one opinion more than another, as we already have at large proved, by 
shewing that all the terrene occurrences upon which the stability of the Earth and 
mobility of the Sun and Firmament is commonly inferred, are to seem to us 
performed in the same manner, though we supposed the mobility of the Earth, 
and the immobility of them. The Element of Water onely, as being most vast, 
and which is not annexed and concatenated to the Terrestrial Globe as all its 
other solid parts are; yea, rather which by reason of its fluidity remaineth apart 
sui juris, and free, is to be ranked amongst those sublunary things, from which 
we may collect some hinte and intimation of what the Earth doth in relation to 
motion and rest. After I had many and many a time examined with my self the 
effects and accidents, partly seen and partly understood from others, that are to 


be observed in the motions of waters: and moreover read and heard the great 
vanities produced by many, as the causes of those accidents, The first general 
conclusion of the impossibility of the ebbing and flowing the immobility of the 
terrestrial Globe being granted. I have been induced upon no slight reasons to 
omit these two conclusions (having made withal the necessary presupposals) that 
in case the terrestrial Globe be immoveable, the flux and reflux of the Sea cannot 
be natural; and that, in case those motions be conferred upon the said Globe, 
which have been long since assigned to it, it is necessary that the Sea be subject 
to ebbing and flowing, according to all that which we observe to happen in the 
same. 


SAGR. 


The Proposition is very considerable, as well for it self as for what followeth 
upon the same by way of consequence, so that I shall the more intensly hearken 
to the explanation and confirmation of it. 


SALV. 


Because in natural questions, The knowledge of the effests contributes to the 
investigation of the causes. of which number this which we have in hand is one, 
the knowledge of the effects is a means to guide us to the investigation and 
discovery of the causes, and without which we should walk in the dark, nay with 
more uncertainty, for that we know not whither we would go, whereas the blind, 
at least, know where they desire to arrive; therefore first of all it is necessary to 
know the effects whereof we enquire the causes: of which effects you, Sagredus, 
ought more abundantly and more certainly to be informed than I am, as one, that 
besides your being born, and having, for a long time, dwelt in Venice, where the 
Tides are very notable for their greatnesse, have also sailed into Syria, and, as an 
ingenuous and apprehensive wit, must needs have made many Observations 
upon this subject: whereas I, that could onely for a time, and that very short, 
observe what happened in these extream parts of the Adriatick Gulph, and in our 
Seas below about the Tyrrhene shores, must needs take many things upon the 
relation of others, who, for the most part, not very well agreeing, and 
consequently being very uncertain, contribute more of confusion than 
confirmation to our speculations. Neverthelesse, from those that we are sure of, 
and which are the principal, I think I am able to attain to the true and primary 
causes; not that I pretend to be able to produce all the proper and adequate 
reasons of those effects that are new unto me, and which consequently I could 


never have thought upon. And that which I have to say, I propose only, as a key 
that openeth the door to a path never yet trodden by any, in certain hope, that 
some wits more speculative than mine, will make a further progresse herin, and 
penetrate much farther than I shall have done in this my first Discovery: And 
although that in other Seas, remote from us, there may appen several accidents, 
which do not happen in our Mediterranean Sea, yet doth not this invalidate the 
reason and cause that I shall produce, if so be that it verifie and fully resolve the 
accidents which evene in our Sea: for that in conclusion there can be but one true 
and primary cause of the effects that are of the same kind. I will relate unto you, 
therefore, the effects that I know to be true, and assigne the causes thereof that I 
think to be true, and you also, Gentlemen, shall produce such others as are 
known to you, besides mine, and then we will try whether the cause, by me 
alledged, may satisfie them also. Three Periods of ebbings and flowings, diurnal, 
monethly, and annual. 


I therefore affirm the periods that are observed in the fluxes and refluxes of the 
Sea-waters to be three: the first and principal is this great and most obvious one; 
namely, the diurnal, according to which the intervals of some hours with the 
waters flow and ebbe; and these intervals are, for the most part, in the 
Mediterrane from six hours to six hours, or thereabouts, that is, they for six 
hours flow, and for six hours ebbe. The second period is monethly, and it seemes 
to take its origen from the motion of the Moon, not that it introduceth other 
motions, but only altereth the greatnesse of those before mentioned, with a 
notable difference, according as it shall wax or wane, or come to the Quadrature 
with the Sun. The third Period is annual, and is seen to depend on the Sunne, and 
onely altereth the diurnal motions, by making them different in the times of the 
Solstices, as to greatnesse, from what they are in the Equinoxes. 


We will speak (in the first place, of the diurnal motion, as being the principal, 
and upon which the Moon and Sun seem to exercise their power secondarily, 
Varieties that appen in the diur period. in their monethly and annual alterations. 
Three differences are observable in these horary mutations; for in some places 
the waters rise and fall, without making any progressive motion; in others, 
without rising or falling they run one while towards the East, and recur another 
while towards the West; and in others they vary the heights and course also, as 
happeneth here in Venice, where the Tides in coming in rise, and in going out 
fall; and this they do in the extermities of the lengths of Gulphs that distend from 
West to East, and terminate in open shores, up along which shores the Tide at 
time of flood hath room to extend it self: but if the course of the Tide were 


intercepted by Cliffes and Banks of great height and steepnesse, there it will 
flow and ebbe without any progressive motion. Again, it runs to and again, 
without changing height in the middle parts of the Mediterrane, as notably 
happeneth in theA Strair, so called. Faro de Messina, between Scylla and 
Carybdis, where the Currents, by reason of the narrownesse of the Channel, are 
very swift; but in the more open Seas, and about the Isles that stand farther into 
the Mediterranean Sea, as the Baleares, Corsica, Sardignia, Or Ilva. Elba, Sicily 
towards the Affrican Coasts, Malta, Or Crets. Candia, &c. the changes of 
watermark are very small; but the currents indeed are very notable, and 
especially when the Sea is pent between Islands, or between them and the 
Continent. 


Now these onely true and certain effects, were there no more to be observed, do, 
in my judgment, very probably perswade any man, that will contain himself 
within the bounds of natural causes, to grant the mobility of the Earth: for to 
make the vessel (as it may be called) of the Mediterrane stand still, and to make 
the water contained therein to do, as it doth, exceeds my imagination, and 
perhaps every mans else, who will but pierce beyond the rinde in these kind of 
inquiries. 


SIMP. 


These accidents, Salviatus, begin not now, they are most ancient, and have been 
observed by very many, and several have attempted to assigne, some one, some 
another cause for the same: and there dwelleth not many miles from hence a 
famous Peripatetick, The cause of the ebbing and flowing alledged by a certain 
modern Philosopher. that alledgeth a cause for the same newly fished out of a 
certain Text of Aristotle, not well understood by his Expositors, from which Text 
he collecteth, that the true cause of these motions doth only proceed from the 
different profundities of Seas waters of greatest depth being greater in 
abundance, and therefore more grave, drive back the Waters of lesse depth, 
which being afterwards raised, desire to descend, and from this continual 
colluctation or contest proceeds the ebbing and flowing. The cause of the ebbing 
and flowing ascribed to the Moon by a certain Prelate. Again those that referre 
the same to the Moon are many, saying that she hath particular Domination over 
the Water; and at last a certain Prelate hath published a little Treatise, wher in he 
saith that the Moon wandering too and fro in the Heavens attracteth and draweth 
towards it a Masse of Water, which goeth continually following it, so that it is 
full Sea alwayes in that part which lyeth under the Moon; and because, that 


though she be under the Horizon, yet neverthelesse the Tide returneth, he saith 
that no more can be said for the salving of that particular, save onely, that the 
Moon doth not onely naturally retain this faculty in her self; but in this case hath 
power to confer it upon that degree of the Zodiack that is opposite unto it. 
Others, Hieronymus Borrius and other Peripateticks refer it to the temperate heat 
of the Moon, as I believe you know, do say that the Moon is able with her 
temperate heat to rarefie the Water, which being rarefied, doth thereupon flow. 
Nor hath there been wanting some that — 


SAGR. 


I pray you Simplicius let us hear no more of them, for I do not think it is worth 
the while to wast time in relating them, or to spend our breath in confuting them; 
and for your part, if you gave your assent to any of these or the like foole ies, 
you did a great injury to your judgment, which neverthelesse I acknowledg to be 
very piercing. 


SALV. 


But I that am a little more flegmatick than you, Answers to the vanities alledged 
as causes of the ebbing and flowing. Sagredus, will spend a few words in favour 
of Simplicius, if haply he thinks that any probability is to be found in those 
things that he hath related. I say therefore: The Waters, Simplicius, that have 
their exteriour superficies higher, repel those that are inferiour to them, and 
lower; but so do not those Waters that are of greatest profundity; and the higher 
having once driven back the lower, they in a short time grow quiet andOr rather 
smooth. level. This your Peripatetick must needs be of an opinion, that all the 
Lakes in the World that are in a calme, and that all the Seas where the ebbing 
and flowing is insensible, are level in their bottoms; but I was so simple, that I 
perswaded my self that had we no other plummet to sound with, The Isles are 
tokens of the unevennesse of the bottomes of Seas. the Isles that advance so high 
above Water, had been a sufficient evidence of the unevennesse of their 
bottomes. To that Prelate I could say that the Moon runneth every day along the 
whole Mediterrane, and yet its Waters do not rise thereupon, save onely in the 
very extream bounds of it Eastward, and here to us at Venice. And for those that 
make the Moons temperate heat able to make the Water swell, bid them put fire 
under a Kettle full of Water, and hold their right hand therein till that the Water 
by reason of the heat do rise but one sole inch, and then let them take it out, and 
write off the tumefaction of the Sea. Or at least desire them to shew you how the 


Moon doth to rarefie a certain part of the Waters, and not the remainder; as for 
instance, these here of Venice, and not those of Ancona, Naples, Genova: the 
truth is Poetick Wits are of two kinds, Poetick wits of two kinds. some are ready 
and apt to invent Fables, and others disposed and inclined to believe them. 


SIMP. 


I believe that no man believeth Fables, so long as he knows them to be so; and of 
the opinions concerning the causes of ebbing and flowing, which are many, 
because I know that of one single effect there is but one single cause that is true 
and primary, I understand very well, and am certain that but one alone at the 
most can be true, and for all the rest I am sure that they are fabulous, and false; 
and its possible that the true one may not be among those that have been hitherto 
produced; nay I verily believe that it is not, for it would be very strange that the 
truth should have so little light, Truth hath not so little light as not to be 
discovered amidst the umbrages of falshoods. as that it should not be visible 
amongst the umbrages of so many falshoods. But this I shall say with the liberty 
that is permitted amongst us, that the introduction of the Earths motion, and the 
making it the cause of the ebbing and flowing of Tides, seemeth to me as yet a 
conjecture no lesse fabulous than the rest of those that I have heard; and if there 
should not be proposed to me reasons more conformable to natural matters, I 
would without any more ado proceed to believe this to be a supernatural effect, 
and therefore miraculous, and unsearchable to the understandings of men, as 
infinite others there are, that immediately depend on the Omnipotent hand of 
God. 


SAGR. 


You argue very prudently, Aristotle holdeth those effects to be miraculous, of 
which the causes are unknown. and according to the Doctrine of Aristotle, who 
you know in the beginning of his mechanical questions referreth those things to 
a Miracle, the causes whereof are occult. But that the cause of the ebbing and 
flowing is one of those that are not to be found out, I believe you have no greater 
proof than onely that you see, that amongst all those that have hitherto been 
produced for true causes thereof, there is not one wherewith, working by what 
artifice you will, we are able to represent such an effect; in regard that neither 
with the light of the Moon nor of the Sun, nor with temperate heats, nor with 
different profundities, shall one ever artificially make the Water conteined in an 
immoveable Vessel to run one way or another, and to ebbe and flow in one 


place, and not in another. But if without any other artifice, but with the onely 
moving of the Vessel, I am able punctually to represent all those mutations that 
are observed in the Sea Water, why will you refuse this reason and run to a 
Miracle? 


SIMP. 


I will run to a Miracle still, if you do not with some other natural causes, besides 
that of the motion of the Vessels of the Sea-water disswade me from it; for I 
know that those Vessels move not, in regard that all the entire Terrestrial Globe 
is naturally immoveable. 


SALV. 


But do not you think, that the Terrestrial Globe might supernaturally, that is, by 
the absolute power of God, be made moveable? 


SIMP. 
Who doubts it? 
SALV. 


Then Simplicius, seeing that to make the flux and reflux of the Sea, it is 
necessary to introduce a Miracle, let us suppose the Earth to move miraculously, 
upon the motion of which the Sea moveth naturally: and this effect shall be also 
the more simple, and I may say natural, amongst the miraculous operations, in 
that the making a Globe to move round, of which kind we see many others to 
move, is lesse difficult than to make an immense masse of water go forwards 
and backwards, in one place more swiftly, and in another lesse, and to rise and 
fall in some places more; in some lesse, and in some not at all: and to work all 
these different effects in one and the same Vessel that containeth it: besides, that 
these are several Miracles, and that is but one onely. And here it may be added, 
that the Miracle of making the water to move is accompanied with another, 
namely, the holding of the Earth stedfast against impetuosities of the water, able 
to make it swage sometimes one way, and sometimes another, if it were not 
miraculously kept to rights. 


SAGR. 


God Simplicius, let us for the present suspend our judgement about sentencing 
the new opinion to be vain that Salviatus is about to explicate unto us, nor let us 
so hastily flye out into passion like the scolding overgrown Haggs: and as for the 
Miracle, we may as well recurre to it when we have done hearing the Discourses 
contained within the bounds of natural causes: though to speak freely, all the 
Works of nature, or rather of God, are in my judgement miraculous. 


SALV. 


And I am of the same opinion; nor doth my saying, that the motion of the Earth 
is the Natural cause of the ebbing and flowing, hinder, but that the said motion 
of the Earth may be miraculous. Now reassuming our Argument, I apply, and 
once again affirm, that it hath been hitherto unknown how it might be that the 
Waters contained in our Mediterranean Straights should make those motions, as 
we see it doth, if so be the said Straight, or containing Vessel were immoveable. 
And that which makes the difficulty, and rendreth this matter inextricable, are 
the things which I am about to speak of, and which are daily observed. Therefore 
lend me your attention. 


We are here in Venice, where at this time the Waters are low, the Sea calm, It is 
proved impossible that there should naturally be any ebbing and flowing, the 
Earth being immoveable. the Air tranquil; suppose it to be young flood, and that 
in the term of five or six hours the water do rise ten Palms. hand breadths and 
more; that rise is not made by the first water, which was said to be rarefied, but it 
is done by the accession of new Water: Water of the same sort with the former, 
of the same brackishness, of the same density, of the same weight: Ships, 
Simplicius, float therein as in the former, without drawing an hairs breadth more 
water; a Barrel of this second doth not weigh one single grain more or less than 
such another quantity of the other, and retaineth the same coldness without the 
least alteration: And it is, in a word, Water newly and visibly entred by the 
Channels and Mouth of theLio is a fair Port in the Venetian Gulph, lying N. E. 
from the City. Lio. Consider now, how and from whence it came thither. Are 
there happly hereabouts any Gulphs or Whirle-pools in the bottom of the Sea, by 
which the Earth drinketh in and spueth out the Water, breathing as it were a great 
and monstruous Whale? But if this be so, how comes it that the Water doth not 
flow in the space of six hours in Ancona, in * Ragusa, in Corfu, where the Tide 
is very small, and happly unobservable? Who will invent a way to pour new 
Water into an immoveable Vessel, and to make that it rise onely in one 
determinate part of it, and in other places not? Will you say, that this new Water 


is borrowed from the Ocean, being brought in by the Straight of Gibraltar? This 
will not remove the doubt aforesaid, but will beget a greater. And first tell me 
what ought to be the current of that Water, that entering at the Straights mouth, 
is carried in six hours to the remotest Creeks of the Mediterrane, at a distance of 
two or three thousand Miles, and that returneth the same space again in a like 
time at its going back? What would Ships do that lye out at Sea? What would 
become of those that should be in the Straights-mough in a continual precipice 
of a vast accumulation of Waters, that entering in at a Channel but eight Miles 
broad, is to give admittance to so much Water as in six hours over-floweth a 
tract of many hundred Miles broad, & thousands in length? What Tygre, what 
Falcon runneth or flyeth with so much swiftness? With the swiftness, I say, of 
above 400 Miles an hour. The currents run (nor can it be denied) the long-wayes 
of the Gulph, but so slowly, as that a Boat with Oars will out-go them, though 
indeed not without defalking for their wanderings. Moreover, if this Water come 
in at the Straight, the other doubt yet remaineth, namely, how it cometh to flow 
here so high in a place so remote, without first rising a like or greater height in 
the parts more adjacent? In a word, I cannot think that either obstinacy, or 
sharpness of wit can ever find an answer to these Objections, nor consequently 
to maintain the stability of the Earth against them, keeping within the bounds of 
Nature. 


SAGR. 


I have all the while perfectly apprehended you in this; and I stand greedily 
attending to hear in what manner these wonders may occur without obstruction 
from the motion already assigned to the Earth. 


SALV. 


These effects being to ensue in consequence of the motions that naturally agree 
with the Earth, it is necessary that they not onely meet with no impediment or 
obstacle, but that they do follow easily, & not onely that they follow with 
facility, but with necessity, so as that it is impossible that it should succeed 
otherwise, for such is the property & condition of things natural & true. Having 
therefore shewen the impossibility of rendring a reason of the motions discerned 
in the Waters, True and natural effects follow without difficulty. & at the same 
time to maintain the immobility of the vessel that containeth them we may 
proceed to enquire, whether the mobility of the Container may produce the 
required effect, in the manner that it is observed to evene. 


Two kinds of motions may be conferred upon a Vessel, whereby the Water 
therein contained, Two sorts of motions of the containing Vessel, may make the 
contained water to rise and fall. may acquire a faculty of fluctuating in it, one 
while towards one side, and another while towards another; and there one while 
to ebbe, and another while to flow. The first is, when first one, and then another 
of those sides is declined, for then the Water running towards the inclining side, 
will alternately be higher and lower, sometimes on one side, and sometimes on 
another. But because that this rising and abating is no other than a recession and 
accession to the centre of the Earth, such a motion cannot be ascribed to the 
Cavities of the said Earth, that are the Vessels which contain the Waters; the 
parts of which Vessel cannot by any whatsoever motion assigned to the Earth, 
The Cavities of the Earth cannot approach or go farther from the centre of the 
same. be made to approach or recede from the centre of the same: The other sort 
of motion is, when the Vessel moveth (without inclining in the least) with a 
progressive motion, not uniform, but that changeth velocity, by sometimes 
accellerating, and other times retarding: from which disparity it would follow, 
The progpessive and uneven motion may make the water contained in a Vessel 
to run to and fro. that the Water contained in the Vessel its true, but not fixed 
fast to it, as its other solid parts, but by reason of its fluidity, as if it were 
separated and at liberty, and not obliged to follow all the mutations of its 
Container, in the retardation of the Vessel, it keeping part of the impetus before 
conceived, would run towards the the preceding part, whereupon it would of 
necessity come to rise; and on the contrary, if new velocity should be added to 
the Vessel, with retaining parts of its tardity, staying somewhat behind, before it 
could habituate it self to the new impetus, it would hang back towards the 
following part, where it would come to rise something. The which effects we 
may plainly declare and make out to the Sense by the example of one of those 
same Barks yonder, which continually come from A Town lying S. E. of Venice 
Lizza-Fusina, laden with fresh water, for the service of the City. Let us therefore 
fancy one of those Barks, to come from thence with moderate velocity along the 
Lake, carrying the water gently, of which it is full: and then either by running a 
ground, or by some other impediment that it shall meet with, let it be notably 
retarded. The water therein contained shall not, by that means, lose, as the Bark 
doth, its pre-conceived impetus, but retaining the same, shall run forwards 
towards the prow, where it shall rise notably, falling as much a stern. But if, on 
the contrary, the said Bark, in the midst of its smooth course, shall have a new 
velocity, with notable augmentation added to it, the water contained before it can 
habituate it self thereto, continuing in its tardity, shall stay behinde, namely a 
stern, where of consequence it shall mount, and abate for the same at the prow. 


This effect is undoubted and manifest, and may hourly be experimented; in 
which I desire that for the present three particulars may be noted. The first is, 
that to make the water to rise on one side of the vessel, there is no need of new 
water, nor that it run thither, forsaking the other side. The second is, that the 
water in the middle doth not rise or fall notably, unlesse the course of the Bark 
were not before that very swift, and the shock or other arrest that held it 
exceeding strong and sudden, in which case its possible, that not only all the 
water might run forwards, but that the greater part thereof might issue forth of 
the Bark: and the same also would ensue, whilst that being under sail in a 
smooth course, a most violent impetus should, upon an instant, overtake it: But 
when to its calme motion there is added a moderate retardation or incitation, the 
middle parts (as I said) unobservedly rise and fall: and the other parts, according 
as they are neerer to the middle, rise the lesse; and the more remote, more. The 
third is, that whereas the parts about the midst do make little alteration in rising 
and falling, in respect of the waters of the sides; on the contrary, they run 
forwards and backwards very much, in comparison of the extreams. Now, my 
Masters, that which the Bark doth, in respect of the water by it contained, and 
that which the water contained doth, in respect of the Bark its container, is the 
self-same, to an hair, with that which the Mediterranean Vessel doth, in respect 
of the waters in it contained, and that which the waters contained do, in respect 
of the Mediterranean Vessel their container. The parts of the terrestrial Globe 
accelerate and regard in their motion. It followeth now that we demonstrate how, 
and in what manner it is true, that the Mediterrane, and all the other Straits; and 
in a word, all the parts of the Earth do all move, with a motion notably uneven, 
though no motion that is not regular and uniforme, is thereby assigned to all the 
said Globe taken collectively. 


SIMP. 


This Proposition, at first sight to me, that am neither Geometrician nor 
Astronomer, hath the appearance of a very great Paradox; and if it should be 
true, that the motion of the whole, being regular, that of the parts, which are all 
united to their whole, may be irregular, the Paradox will overthrow the Axiome 
that affirmeth, Eandem esse rationem totius & partium. 


SALV. 


I will demonstrate my Paradox, and leave it to your care, Simplicius, to defend 
the Axiome from it, or else to reconcile them; and my demonstration shall be 


short and familiar, depending on the things largely handled in our precedent 
conferences, without introducing the least syllable, in favour of the flux and 
reflux. 


We have said, Demonstrations how the parts of the terrestriall Globe accelerate 
and retard. that the motions assigned to the Terrestrial Globe are two, the first 
Annual, made by its centre about the circumference of the Grand Orb, under the 
Ecliptick, according to the order of the Signes, that is, from West to East; the 
other made by the said Globe revolving about its own centre in twenty four 
hours; and this likewise from West to East: though about an Axis somewhat 
inclined, and not equidistant from that of the Annual conversion. From the 
mixture of these two motions, each of it self uniform, I say, that there doth result 
an uneven and deformed motion in the parts of the Earth. Which, that it may the 
more easily be understood, I will explain, by drawing a Scheme thereof. And 
first, about the centre A [in Fig. 1. of this Dialogue] I will describe the 
circumference of the Grand Orb B C, The parts of a Circle regularly moved 
about its own centre move in divers times with contrary motions. in which any 
point being taken, as B, about it as a centre we will describe this lesser circle D 
E F G, representing the Terrestrial Globe; the which we will suppose to run 
thorow the whole circumference of the Grand Orb, with its centre B, from the 
West towards the East, that is, from the part B towards C; and moreover we will 
suppose the Terrestrial Globe to turn about its own centre B likewise from West 
to East, that is, according to the succession of the points D E F G, in the space of 
twenty four hours. But here we ought carefully to note, that a circle turning 
round upon its own centre, each part of it must, at different times, move with 
contrary motions: the which is manifest, considering that whilst the parts of the 
circumference, about the point D move to the left hand, that is, towards E, the 
opposite parts that are about F, approach to the right hand, that is, towards G; so 
that when the parts D shall be in F, their motion shall be contrary to what it was 
before. when it was in D. Furthermore, the same time that the parts E descend, if 
I may so speak, towards F, those in G ascend towards D. It being therefore 
presupposed, that there are such contrarieties of motions in the parts of the 
Terrestrial Surface, The mixture of the two motions annnal and diurnal, causeth 
the inequality in the motion of the parts of the terrestrial Globe. whilst it turneth 
round upon its own centre, it is necessary, that in conjoyning this Diurnal 
Motion, with the other Annual, there do result an absolute motion for the parts of 
the said Terrestrial Superficies, one while very accelerate, and another while as 
slow again. The which is manifest, considering first the parts about D, the 
absolute motion of which shall be extream swift, as that which proceedeth from 


two motions made both one way, namely, towards the left hand; the first of 
which is part of the Annual Motion, common to all the parts of the Globe, the 
other is that of the said point D., carried likewise to the left, by the Diurnal 
Revolution; so that, in this case, the Diurnal motion increaseth and accelerateth 
the Annual. The contrary to which happeneth in the opposite part F, which, 
whilst it is by the common annual motion carried, together with the whole 
Globe, towards the left, it happeneth to be carried by the Diurnal conversion also 
towards the right: so that the Diurnal motion by that means detracteth from the 
Annual, whereupon the absolute motion, resulting from the composition of both 
the other, is much retarded. Again, about the points E and G, the absolute motion 
becometh in a manner equal to the simple Annual one, in regard that little or 
nothing increaseth or diminisheth it, as not tending either to the left hand, or to 
the right, but downwards and upwards. We will conclude therefore, that like as it 
is true, that the motion of the whole Globe, and of each of its parts, would be 
equal and uniforme, in case they did move with one single motion, whether it 
were the meer Annual, or the single Diurnal Revolution, so it is requisite, that 
mixing those two motions together, there do result thence for the parts of the 
said Globe irregular motions, one while accelerated, and another while retarded, 
by means of the additions or substractions of the Diurnal conversion from the 
annual circulation. So that, if it be true (and most true it is, as experience proves) 
that the acceleration and retardation of the motion of the Vessel, makes water 
contained therein to run to and again the long wayes of it, and to rise and fall in 
its extreames, who will make scruple of granting, that the said effect may, nay 
ought to succeed in the Sea-waters, contained within their Vessels, subject to 
such like alterations, and especially in those that distend themselves long-wayes 
from West to East, which is the course that the motion of those same Vessels 
steereth? The most potent and primary cause of the ebbing and flowing. Now this 
is the most potent and primary cause of the ebbing and flowing, without the 
which no such effect would ensue. But because the particular accidents are many 
and various, that in several places and times are observed, which must of 
necessity have dependance on other different concomitant causes, although they 
ought all to have connexion with the primary; therefore it is convenient that we 
propound and examine the several accidents that may be the causes of such 
different effects. 


The first of which is, Sundry accidents that happen in the ebbings & flowings 
The first accident. that when ever the water, by means of a notable retardation or 
acceleration of the motion of the Vessel, its container, shall have acquired a 
cause of running towards this or that extream, The Water raised in one end of the 


Vessel returneth of its self to Aequilibrium. and shall be raised in the one, and 
abated in the other, it shall not neverthelesse continue, for any time in that state, 
when once the primary cause is ceased: but by vertue of its own gravity and 
natural inclination to level and grow, even it shall speedily return backwards of 
its own accord, and, as being grave and fluid, shall not only move towards 
Aequilibrium; but being impelled by its own impetus, shall go beyond it, rising 
in the part, where before it was lowest; nor shall it stay here, but returning 
backwards anew, with more reiterated reciprocations of its undulations, it shall 
give us to know, that it will not from a velocity of motion, once conceived, 
reduce it self, in an instant, to the privation thereof, and to the state of rest, but 
will successively, by decreasing a little and a little, reduce it self unto the same, 
just in the same manner as we see a weight hanging at a cord, after it hath been 
once removed from its state of rest, that is, from its perpendicularity, of its own 
accord, to return thither and settle it self, but not till such time as it shall have 
often past to one side, and to the other, with its reciprocall vibrations. 


The second accident to be observed is, In the shorter Vessels the undulations of 
waters are more frequent. that the before-declared reciprocations of motion come 
to be made and repeated with greater or lesser frequency, that is, under shorter or 
longer times, according to the different lengths of the Vessels containing the 
waters; so that in the shorter spaces the reciprocations are more frequent, and in 
the longer more rare: just as in the former example of pendent bodies, the 
vibrations of those that are hanged to longer cords are seen to be lesse frequent, 
than those of them that hang at shorter strings. 


And here, The greater profundity maketh the undulations of waters more 
frequent. for a third observation, it is to be noted, that not onely the greater or 
lesser length of the Vessel is a cause that the water maketh its reciprocations 
under different times; but the greater or lesser profundity worketh the same 
effect. And it happeneth, that of waters contained in receptacles of equall length, 
but of unequal depth, that which shall be the deepest, maketh its undulations 
under shorter times, and the reciprocations of the shallower waters are lesse 
frequent. 


Fourthly, there are two effects worthy to be noted, and diligently observed, 
which the water worketh in those its vibrations; the one is its rising and falling 
alternately towards the one and other extremity; Water riseth & falleth in the 
extream parts of the Vessel, and runneth to and fro in the midst. the other is its 
moving and running, to so speak, Horizontally forwards and backwards. Which 


two different motions differently reside in divers parts of the Water: for its 
extream parts are those which most eminently rise and fall; those in the middle 
never absolutely moving upwards, and downwards; of the rest successively those 
that are neerest to the extreams rise and fall proportionally more than the remote: 
but on the contrary, touching the other progressive motion forwards and 
backwards, the middle parts move notably, going and returning, and the waters 
that are in the extream parts gain no ground at all; save onely in case that in their 
rising they overflow their banks, and break forth of their first channel and 
receptacle; but where there is the obstacle of banks to keep them in, they onely 
rise and fall; which yet hindereth not the waters in the middle from fluctuating to 
and again; which likewise the other parts do in proportion, undulating more or 
lesse, according as they are neerer or more remote from the middle. 


The fifth particular accident ought the more attentively to be considered, An 
accident of the Earths motions impossible to be reduced to practice by art. in that 
it is impossible to represent the effect thereof by an experiment or example; and 
the accident is this. In the vessels by us framed with art, and moved, as the 
abovenamed Bark, one while more, and another while lesse swiftly, the 
acceleration and retardation is imparted in the same manner to all the vessel, and 
to every part of it; so that whilst v. g. the Bark forbeareth to move, the parts 
precedent retard no more than the subsequent, but all equally partake of the same 
retardment; and the self-same holds true of the acceleration, namely, that 
conferring on the Bark a new cause of greater velocity, the Prow and Poop both 
accelerate in one and the same manner. But in huge great vessels, such as are the 
very long bottomes of Seas, albeit they also are no other than certain cavities 
made in the solidity of the Terrestrial Globe, it alwayes admirably happeneth, 
that their extreams do not unitedly equall, and at the same moments of time 
increase and diminish their motion, but it happeneth that when one of its 
extreames hath, by vertue of the commixtion of the two Motions, Diurnal, and 
Annual, greatly retarded its velocity, the other extream is animated with an 
extream swift motion. Which for the better understanding of it we will explain, 
reassuming a Scheme like to the former; in which if we do but suppose a tract of 
Sea to be long, v. g. a fourth part, as is the arch B C [in Fig. 2. ] because the 
parts B are, as hath been already declared, very swift in motion, by reason of the 
union of the two motions diurnal and annual, towards one and the same way, 
but the part C at the same time is retarded in its motion, as being deprived of the 
progression dependant on the diurnal motion: If we suppose, I say, a tract of Sea 
as long as the arch B C, we have already seen, that its extreams shall move in the 
same time with great inequality. And extreamly different would the velocities of 


a tract of Sea be that is in length a semicircle, and placed in the position B C D, 
in regard that the extream B would be in a most accelerate motion, and the other 
D, in a most slow one; and the intermediate parts towards C, would be in a 
moderate motion. And according as the said tracts of Sea shall be shorter, they 
shall lesse participate of this extravagant accident, of being in some hours of the 
day with their parts diversly affected by velocity and tardity of motion. So that, 
if, as in the first case, we see by experience that the acceleration and retardation, 
though equally imparted to all the parts of the conteining Vessel, is the cause 
that the water contained fluctuates too and again, what may we think would 
happen in a Vessel so admirably disposed, that retardation and acceleration of 
motion is very unequally contributed to its parts? Certainly we must needs grant 
that greater and more wonderful causes of the commotions in the Water ought to 
be looked for. And though it may seem impossible to some, that in artificial 
Machines and Vessels we should be able to experiment the effects of such an 
accident; yet neverthelesse it is not absolutely impossible to be done; and I have 
by me the model of an Engine, in which the effect of these admirable 
commixtions of motions may be particularly observed. But as to what concerns 
Our present purpose, that which you may have hitherto comprehended with your 
imagination may suffice. 


SAGR. 


I for my own particular very well conceive that this admirable accident ought 
necessarily to evene in the Straights of Seas, and especially in those that distend 
themselves for a great length from West to East; namely according to the course 
of the motions of the Terrestrial Globe; and as it is in a certain manner unthought 
of, and without a president among the motions possible to be made by us, so it is 
not hard for me to believe, that effects may be derived from the same, which are 
not to be imitated by our artificial experiments. 


SALV. 


These things being declared, it is time that we proceed to examine the particular 
accidents, which, together with their diversities, are observed by experience in 
the ebbing and flowing of the waters. Reasons renewed of the particnlar 
accidents observed in the ebbings and flowings. And first we need not think it 
hard to guesse whence it happeneth, that in Lakes, Pooles, and also in the lesser 
Seas there is no notable flux and reflux; the which hath two very solid reasons. 
The one is, that by reason of the shortnesse of the Vessel, Second causes why in 


small Seas and in Lakes there are no ebbings and flowings. in its acquiring in 
several hours of the day several degrees of velocity, they are with very little 
difference acquired by all its parts; for as well the precedent as the subsequent, 
that is to say, both the Eastern and Western parts, do accelerate and retard almost 
in the same manner; and withal making that alteration by little and little, and not 
by giving the motion of the conteining Vessel a sudden check, and retardment, 
or a sudden and great impulse or acceleration; both it and all its parts, come to be 
gently and equally impressed with the same degrees of velocity; from which 
uniformity it followeth, that also the conteined water with but small resistance 
and opposition, receiveth the same impressions, and by consequence doth give 
but very obscure signes of its rising or falling, or of its running towards one part 
or another. The which effect is likewise manifestly to be seen in the little 
artificial Vessels, wherein the contained water doth receive the self same 
impressions of velocity; when ever the acceleration and retardation is made by 
gentle and uniform proportion. But in the Straights and Bays that for a great 
length distend themselves from East to West, the acceleration and retardation is 
more notable and more uneven, for that one of its extreams shall be much 
retarded in motion, and the other shall at the same time move very swiftly: The 
reciprocal libration or levelling of the water proceeding from the impetus that it 
had conceived from the motion of its container. The which libration, as hath 
been noted, hath its undulations very frequent in small Vessels; from whence 
ensues, that though there do reside in the Terrestrial motions the cause of 
conferring on the waters a motion onely from twelve hours to twelve hours, for 
that the motion of the conteining Vessels do extreamly accelerate and extreamly 
retard but once every day, and no more; yet neverthelesse this same second 
cause depending on the gravity of the water which striveth to reduce it self to 
equilibration, and that according to the shortnesse of the Vessel hath its 
reciprocations of one, two, three, or more hours, this intermixing with the first, 
which also it self in small Vessels is very little, it becommeth upon the whole 
altogether insensible. For the primary cause, which hath the periods of twelve 
hours, having not made and end of imprinting the precedent commotion, it is 
overtaken and opposed by the other second, dependant on the waters own 
weight, which according to the brevity and profundity of the Vessel, hath the 
time of its undulations of one, two, three, four, or more hours; and this 
contending with the other former one, disturbeth and removeth it, not permitting 
it to come to the height, no nor to the half of its motion; and by this contestation 
the evidence of the ebbing and flowing is wholly annihilated, or at least very 
much obscured. I passe by the continual alteration of the air, which disquieting 
the water, permits us not to come to a certainty, whether any, though but small, 


encrease or abatement of half an inch, or losse, do reside in the Straights, or 
receptacles of water not above a degree or two in length. 


I come in the second place to resolve the question, The reason given, why the 
ebbings and flowings, for the most part, are every six hours. why, there not 
residing any vertue in the primary principle of commoving the waters, save 
onely every twelve hours, that is to say, once by the greatest velocity, and once 
by the greatest tardity of motion; the ebbings and flowings should yet 
neverthelesse appear to be every six hours. To which is answered, that this 
determination cannot any wayes be taken from the primary cause onely; but 
there is a necessity of introducing the secondary causes, as namely the greater or 
lesse length of the Vessels, and the greater or lesse depth of the waters in them 
conteined. Which causes although they have not any operation in the motions of 
the waters, those operations belonging to the sole primary cause, without which 
no ebbing or flowing would happen, yet neverthelesse they have a principal 
share in determining the times or periods of the reciprocations, and herein their 
influence is so powerful, that the primary cause must of force give way unto 
them. The period of six hours therefore is no more proper or natural than those 
of other intervals of times, though indeed its the most observed, as agreeing with 
our Mediterrane, which was the onely Sea that for many Ages was navigated: 
though neither is that period observed in all its parts; for that in some more 
angust places, such as are the Hellespont, and the Aegean Sea, the periods are 
much shorter, and also very divers amongst themselves; for which diversities, 
and their causes incomprehensible to Aristotle, some say, that after he had a long 
time observed it upon some cliffes of Negropont, being brought to desperation, 
he threw himself into the adjoyning Euripus, and voluntarily drowned himself. 


In the third place we have the reason ready at hand, The cause why some Seas, 
though very long, suffer no ebbing and flowing. whence it commeth to passe, 
that some Seas, although very long, as is the Red Sea, are almost altogether 
exempt from Tides, which happeneth because their length extendeth not from 
East to West, but rather transversly from the Southeast to the Northwest; but the 
motions of the Earth going from West to East; the impulses of the water, by that 
means, alwayes happen to fall in the Meridians, and do not move from parallel to 
parallel; insomuch that in the Seas that extend themselves athwart towards the 
Poles, and that the contrary way are narrow, there is no cause of ebbing and 
flowing, save onely by the participation of another Sea, wherewith it hath 
communication, that is subject to great commotions. 


In the fourth place we shall very easily find out the reason why the fluxes and 
refluxes are greatest, Ebbings and flowings why greatest in the extremities of 
Gulphs, and least in the middle parts. as to the waters rising and falling in the 
utmost extremities of Gulphs, and least in the intermediate parts; as daily 
experience sheweth here in Venice, lying in the farther end of the Adriatick Sea, 
where that difference commonly amounts to five or six feet; but in the places of 
the Mediterrane, far distant from the extreams, that mutation is very small, as in 
the Isles of Corsica and Sardinnia, and in the Strands of Rome and Ligorne, 
where it exceeds not half a foot; we shall understand also, why on the contrary, 
where the risings and fallings are small, the courses and recourses are great: I 
say it is an easie thing to understand the causes of these accidents, seeing that we 
meet with many manifest occurrences of the same nature in every kind of Vessel 
by us artificially composed, in which the same effects are observed naturally to 
follow upon our moving it unevenly, that is, one while faster, and another while 
flower. 


Moreover, Why in narrow places the course of the waters is more swift than in 
larger. considering in the fifth place, that the same quantity of Water being 
moved, though but gently, in a spatious Channel, comming afterwards to go 
through a narrow passage, will of necessity run, with great violence, we shall not 
finde it hard to comprehend the cause of the great Currents that are made in the 
narrow Channel that separateth Calabria from Sicilia: for that all the Waters that, 
by the spaciousnesse of the Isle, and by the Ionick Gulph, happens to be pent in 
the Eastern part of the Sea, though it do in that, by reason of its largeness, gently 
descend towards the West, yet neverthelesse, in that it is pent up in the 
Bosphorus, it floweth with great violence between Scilla and Caribdis, and 
maketh a great agitation. Like to which, and much greater, is said to be betwixt 
Africa and the great Isle of St. Lorenzo, where the Waters of the two vast Seas, 
Indian and Ethiopick, that lie round it, must needs be straightned into a lesse 
Channel between the said Isle and the Ethiopian Coast. And the Currents must 
needs be very great in the Straights of Megallanes, which joyne together the vast 
Oceans of Ethiopia, and Del Zur, called also the Pacifick Sea. 


It follows now, in the sixth place, A discussion of abstruce obse ved ebbing 
and wing. that to render a reason of some more abstruse and incredible 
accidents, which are observed upon this occasion, we make a considerable 
reflection upon the two principal causes of ebbings and flowings, afterwards 
compounding and mixing them together. The first and simplest of which is (as 
hath often been said) the determinate acceleration and retardation of the parts of 


the Earth, from whence the Waters have a determinate period put to their 
decursions towards the East, and return towards the West, in the time of twenty 
four hours. The other is that which dependeth on the proper gravity of the Water, 
which being once commoved by the primary cause, seeketh, in the next place, to 
reduce it self to Aequilibrium, with iterated reciprocations; which are not 
determined by one sole and prefixed time; but have as many varieties of times as 
are the different lengths and profundities of the receptacles, and Straights of 
Seas; and by what dependeth on this second principle, they would ebbe and 
flow, some in one hour, others in two, in four, in six, in eight, in ten, &c. Now if 
we begin to put together the first cause, which hath its set Period from twelve 
hours to twelve hours, with some one of the secondary, that hath its Period verb. 
grat. from five hours to five hours, it would come to passe, that at sometimes the 
primary cause and secondary would accord to make impulses both one the same 
way; and in this concurrency, and (as one may call it) unanimous conspiration 
the flowings shall be great. At other times it happening that the primary impulse 
doth, in a certain manner, oppose that which the secondary Period would make, 
and in this contest one of the Principles being taken away, that which the other 
would give, will weaken the commotion of the Waters, and the Sea will return to 
a very tranquil State, and almost immoveable. And at other times, according as 
the two aforesaid Principles shall neither altogether contest, nor altogether 
concur, there shall be other kinds of alterations made in the increase and 
diminution of the ebbing and flowing. It may likewise fall out that two Seas, 
considerably great and which communicate by some narrow Channel, may 
chance to have, by reason of the mixtion of the two Principles of motion, one 
cause to flow at the time that the other hath cause to move a contrary way; in 
which case in the Channel, whereby they disimbogue themselves into each other, 
there do extraordinary conturbations insue, with opposite and vortick motions, 
and most dangerous boilings and breakings, as frequent relations and 
experiences do assure us. From such like discordant motions, dependent not 
onely on the different positions and longitudes, but very much also upon the 
different profundities of the Seas, which have the said intercourse there do 
happen at sometimes different commotions in the Waters, irregular, and that can 
be reduced to no rules of observation, the reasons of which have much troubled, 
and alwayes do trouble Mariners, for that they meet with them without seeing 
either impulse of winds, or other eminent aereal alteration that might occasion 
the same; of which disturbance of the Air we ought to make great account in 
other accidents, and to take it for a third and accidental cause, able to alter very 
much the observation of the effects depending on the secondary and more 
essential causes. And it is not to be doubted, but that impetuous windes, 


continuing to blow, for example, from the East, they shall retein the Waters and 
prohibit the reflux or ebbing; whereupon the second and third reply of the flux or 
tide overtaking the former, at the hours prefixed, they will swell very high; and 
being thus born up for some dayes, by the strength of the Winds, they shall rise 
more than usual, making extraordinary inundations. 


We ought also, (and this shall serve for a seventh Probleme) to take notice of 
another cause of motion dependant on the great abundance of the Waters of great 
Rivers that discharge themselves into Seas of no great capacity, The cause why, 
in some narrow Channels, we see the Sea-waters run alwayes one way. 
whereupon in the Straits or Bosphori that communicate with those Seas, the 
Waters are seen to run always one way: as it happeneth in the Thracian 
Bosphorus below Constantinople, where the water alwayes runneth from the 
Black-Sea, towards the Propontis: For in the said Black-Sea by reason of its 
shortnesse, the principal causes of ebbing and flowing are but of small force. 
But, on the contrary, very great Rivers falling into the same, those huge 
defluxions of water being to passe and disgorge themselves by the the straight, 
theOr current. course is there very notable and alwayes towards the South. 
Where moreover we ought to take notice, that the said Straight or Channel, albeit 
very narrow, is not subject to perturbations, as the Straight of Scilla and 
Carybdis; for that that hath the Black-Sea above towards the North, and the 
Propontis, the Aegean, and the Mediterranean Seas joyned unto it, though by a 
long tract towards the South; but now, as we have observed, the Seas, though of 
never so great length, lying North and South, are not much subject to ebbings 
and flowings; but because the Sicilian Straight is situate between the parts of the 
Mediterrane distended for a long tract or distance from West to East, that is, 
according to the course of the fluxes and refluxes; therefore in this the agitations 
are very great; and would be much more violent between Hercules Pillars, in 
case the Straight of Gibraltar did open lesse; and those of the Straight of 
Magellanes are reported to be extraordinary violent. 


This is what, for the present, cometh into my mind to say unto you about the 
causes of this first period diurnal of the Tide, and its various accidents, touching 
which, if you have any thing to offer, you may let us hear it, that so we may 
afterwards proceed to the other two periods, monethly and annual. 


SIMP. 


In my opinion, it cannot be denied, but that your discourse carrieth with it much 
of probability, arguing, as we say, ex suppositione, namely, granting that the 
Earth moveth with the two motions assigned it by Copernicus: The Hypothesis 
of the Earths mobility taken in favour of the Tide, opposed. but if that motion be 
disproved, all that you have said is vain, and insignificant: and for the disproval 
of that Hypothesis, it is very manifestly hinted by your Discourse it self. You, 
with the supposition of the two Terrestrial motions, give a reason of the ebbing 
and flowing; and then again, arguing circularly, from the ebbing and flowing, 
draw the reason and confirmation of those very motions; and so proceeding to a 
more specious Discourse, you say that the Water, as being a fluid body, and not 
tenaciously annexed to the Earth, is not constrained punctually to obey every of 
its motions, from which you afterwards infer its ebbing and flowing, Now I, 
according to your own method, argue the quite contrary, and say; the Air is 
much more tenuous, and fluid than the Water, and lesse annexed to the Earths 
superficies, to which the Water, if it be for nothing else, yet by reason of its 
gravity that presseth down upon the same more than the light Air, adhereth; 
therefore the Air is much obliged to follow the motions of the Earth: and 
therefore were it so, that the Earth did move in that manner, we the inhabitants 
of it, and carried round with like velocity by it, ought perpetually to feel a Winde 
from the East that beateth upon us with intolerable force. And that so it ought to 
fall out, quotidian experience assureth us: for if with onely riding post, at the 
speed of eight or ten miles an hour in the tranquil Air, the incountering of it with 
our face seemeth to us a Winde that doth not lightly blow upon us, what should 
we expect from our rapid course of 800. or a thousand miles an hour, against the 
Air, that is, free from that motion? And yet, notwithstanding we cannot perceive 
any thing of that nature. 


SALV. 


To this objection that hath much of likelihood in it, The answer to the objections 
made against the motion of the Terrestrial Globe. I reply, that its true, the Air is 
of greater tenuity and levity; and, by reason of its levity, lesse adherent to the 
Earth than Water so much more grave andCorpulenta bulky; but yet the 
consequence is false that you infer from these qualities; namely, that upon 
account of that its levity, tenuity, and lesse adherence to the Earth, it should be 
more exempt than the Water from following the Terrestrial Motions; so as that to 
us, who absolutely pertake of of them, the said exemption should be sensible and 
manifest; nay, it happeneth quite contrary; for, if you well remember, the cause 
of the ebbing and flowing of the Water assigned by us, consisteth in the Waters 


not following the unevennesse of the motion of its Vessel, but retaining the 
impetus conceived before, without diminishing or increasing it according to the 
precise rate of its diminishing or increasing in its Vessel. Because therefore that 
in the conservation and retention of the impetus before conceived, The Water 
more apt to conserve an impetus conceived, then the Air. the disobedience to a 
new augmentation or diminution of motion consisteth, that moveable that shall 
be most apt for such a retention, shall be also most commodious to demonstrate 
the effect that followeth in consequence of that retention. Now how much the 
Water is disposed to maintain such a conceived agitation; though the causes 
cease that impress the same, the experience of the Seas extreamly disturbed by 
impetuous Winds sheweth us; the Billows of which, though the Air be grown 
calm, and the Wind laid, for a long time after continue in motion: As the Sacred 
Poet pleasantly sings, ‘Qual l’alto Egeo, &c.—’ 


And that long continuing rough after a storm, Light bodies easier to be moved 
than heavy, but less apt to conserve the motion. dependeth on the gravity of the 
water: For, as I have elsewhere said, light bodies are much easier to be moved 
than the more grave, but yet are so much the less apt to conserve the motion 
imparted, when once the moving cause ceaseth. Whence it comes that the Aire, 
as being of it self very light and thin, is easily mov’d by any very small force, 
yet it is withall very unable to hold on its motion, the Mover once ceasing. 
Therefore, as to the Aire which environs the Terrestrial Globe, I would fay, that 
by reason of its adherence, it is no lesse carried about therewith then the Water; 
and especially that part which is contained in its vessels; which vessels are the 
valleys enclosed with Mountains. Its more rational that the Air be commoved by 
the rugged surface of the Earth= than by the Celestial motion. And we may with 
much more reason affirm that this same part of the Air is carried round, and born 
forwards by the rugged parts of the Earth, than that the higher is whirl’d about 
by the motion of the Heavens, as ye Peripateticks maintain. 


What hath been hitherto spoken, seems to me a sufficient answer to the 
allegation of Simplitius; The revolution of the Earth confirmed by a new 
argument taken from the Air. yet nevertheless with a new instance and solution, 
founded upon an admirable experiment, I will superabundantly satisfie him, and 
confirm to Sagredus the mobility of the Earth. I have told you that the Air, and in 
particular that part of it which ascendeth not above the tops of the highest 
Mountains, is carried round by the uneven parts of the Earths surface: from 
whence it should seem, that it must of consequence come to passe, that in case 
the superficies of the Earth were not uneven, but smooth and plain, no cause 


would remain for drawing the Air along with it, or at least for revolving it with 
so much uniformity. Now the surface of this our Globe, is not all craggy and 
rugged, but there are exceeding great tracts very even, to wit, the surfaces of 
very vast Seas, which being also far remote from the continuate ledges of 
Mountains which environ it, seem to have no faculty of carrying the super- 
ambient Air along therewith: and not carrying it about, we may perceive what 
will of consequence ensue in those places. 


SIMP. 
I was about to propose the very same difficulty, which I think is of great validity. 
SALV. 


You say very well Simplicius, for from the not finding in the Air that which of 
consequence would follow, did this our Globe move round; you argue its 
immoveablenesse. But in case that this which you think ought of necessary 
consequence to be found, be indeed by experience proved to be so; will you 
accept it for a sufficient testimony and an argument for the mobility of the said 
Globe? 


SIMP. 


In this case it is not requisite to argue with me alone, for if it should so fall out, 
and that I could not comprehend the cause thereof, yet haply it might be known 
by others. 


SALV. 


So that by playing with you, a man shall never get, but be alwayes on the losing 
hand; and therefore it would be better to give over: Nevertheless, that we may 
not cheat our third man we will play on. We said even now, and with some 
addition we reitterate it, that the Ayr as if it were a thin and fluid body, and not 
solidly conjoyned with the Earth, seem’d not to be necessitated to obey its 
motion; unlesse so far as the cragginess of the terrestrial superficies, transports 
and carries with it a part thereof contigious thereunto; which doth not by any 
great space exceed the greatest altitude of Mountains: the which portion of Air 
ought to be so much less repugnant to the terrestrial conversion, by how much it 
is repleat with vapours, The vaporous parts of the earth, partake of its motions. 
fumes, and exhalations, matters all participating of terrene qualities, and 


consequently apt of their own nature to the same motions. But where there are 
wanting the causes of motion, that is, where the surface of the Globe hath great 
levels, and where there is less mixture of the terrene vapours, there the cause 
whereby the ambient Air is constrained to give entire obedience to the terrestrial 
conversion will cease in part; so that in such places, whilst the Earth revolveth 
towards the East, there will be continually a wind perceived which will beat 
upon us, blowing from the East towards the West: and such gales will be the 
more sensible, where the revolution of the Globe is most swift; which will be in 
places more remote from the Poles, and approaching to the greatest Circle of the 
diurnal conversion. But now de facto experience much confirmeth this 
Phylosophical argumentation; for in the spatious Seas, and in their parts most 
remote from Land, and situate under the Torrid Zone, that is bounded by the 
Tropicks, where there are none of those same terrestrial evaporations, Constant 
gales within the Tropicks blow towards the West. we finde a perpetual gale 
move from the East with so constant a blast, that ships by favour thereof sail 
prosperously to the West-India’s. And from the same coasting along the 
Mexican shore, they with the same felicity pass the Pacifick Ocean towards the 
India’s; which to us are East, but to them are West. The course to the West- 
India’s easie, the return difficult. Whereas on the contrary the Course from 
thence towards the East is difficult and uncertain, and not to be made by the 
same Rhumb, but must vere more to Land-ward, to recover other Winds, which 
we may call accidentary and tumultuary, produced from other Principles, as 
those that inhabit the continent find by experience. Of which productions of 
Winds, the Causes are many and different, which shall not at this time be 
mentioned. Winds from Land make rough the Seas. And these accidentary 
Winds are those which blow indifferently from all parts of the Earth, and make 
rough the Seas remote from the Equinoctial, and environed by the rugged 
Surface of the Earth; which is as much as to say environ’d with those 
perturbations of Air, that confound that primary Gale. The which, in case these 
accidental impediments were removed, would be continually felt, and especially 
upon the Sea. Now see how the effect of the Water and Air seem wonderfully to 
accord with the Celestial observations, to confirm the mobility of our Terrestrial 
Globe. 


SAGR. 


I also for a final close will relate to you one particular, Another observation 
taken from the Air in confirmation of the motion of the Earth. which as I believe 
is unknown unto you, and which likewise may serve to confirm the same 


conclusion: You Salviatus alledged, That Accident which Sailers meet with 
between the Tropicks; I mean that perpetual Gale of Winde that beats upon them 
from the East, of which I have an account from those that have many times made 
the Voyage: And moreover (which is very observable) I understand that the 
Mariners do not call it a Wind, but by anotherWhich Wind with our English 
Mariners is called the Trade-wind. name, which I do not now remember, taken 
haply from its so fixed and constant Tenor; which when they have met with, they 
tie up their shrouds and other cordage belonging to the Sails, and without any 
more need of touching them, though they be in a sleep, they can continue their 
course. Now this constant Trade-wind was known to be such by its continual 
blowing without interruptions; for if it were interrupted by other Windes, it 
would not have been acknowledged for a singular Effect, and different from the 
rest: from which I will infer, That it may be that also our Mediterranean Sea doth 
partake of the like accident; but it is not observed, as being frequently altered by 
the confluence of other windes. And this I say, not without good grounds, yea 
upon very probable conjectures whch came unto my knowledge, from that which 
tendred it self to my notice on occasion of the voyage that I made into Syria, 
going Consul for this Nation to Aleppo, The voiages in the Mediterrane from 
East to West are made in shorter times than from West to East. and this it is: 
That keeping a particular account and memorial of the dayes of the departure 
and arrival of the Ships in the Ports of Alexandria, of Alexandretta, and this of 
Venice; in comparing sundry of them, which I did for my curiosity, I found that 
in exactness of account the returns hither, that is the voiages from East to West 
along the Mediterrane, are made in less time then the contrary courses by 25. in 
the Hundred: So that we see that one with another, the Eastern windes are 
stronger then the Western. 


SALV. 


I am very glad I know this particular, which doth not a little make for the 
confirmation of the Earths mobility. And although it may be alledged, That all 
the Water of the Mediterrane runs perpetually towards the Straits-mouth, as 
being to disimbogue into the Ocean, the waters of as many Rivers, as do 
discharge themselves into the same; I do not think that that current can be so 
great, as to be able of it self alone to make so notable a difference: which is also 
manifest by observing that the water in the Pharo of Sicily runneth back again no 
less towards the East, than it runneth forwards towards the West. 


SAGR. 


I, that have not as Simplicius, an inclination to satisfie any one besides my self, 
am satisfied with what hath been said as to this first particular: Therefore 
Salviatus, when you think it sit to proceed forward, I am prepared to hear you. 


SALV. 


I shall do as you command me, but yet I would fain hear the opinion also of 
Simplicius, from whose judgement I can argue how much I may promise to my 
self touching these discourses from the Peripatetick Schools, if ever they should 
come to their ears. 


SIMP. 


I desire not that my opinion should serve or stand for a measure, whereby you 
should judge of others thoughts; for as I have often said, I am inconsiderable in 
these kinde of studies, and such things may come into the mindes of those that 
are entered into the deepest passages of Philosophy, as I could never think of; as 
having (according to the Proverb) scarce kist her Maid: yet nevertheless, to give 
you my sudden thoughts, I shall tell you, That of those effects by you recounted, 
and particularly the last, there may in my judgement very sufficient Reasons be 
given without the Earths mobility, by the mobility of the Heavens onely; never 
introducing any novelty more, than the inversion of that which you your self 
propose unto us. It hath been received by the Peripatetick Schools, It is 
demonstrated inverting the argument, that the perpetual motion of the Air from 
East to West cometh from the motion of Heaven" that the Element of Fire, and 
also a great part of the Aire is carried about according to the Diurnal conversion 
from East to West, by the contact of the Concave of the Lunar Orb, as by the 
Vessel their container. Now without going out of your track, I will that we 
determine the Quantity of the Aire which partaketh of that motion to distend so 
low as to the Tops of the highest Hills, It is demonstrated inverting the argument, 
that the perpetual motion of the Air from East to West, cometh from the motion 
of Heaven. and that likewise they would reach to the Earth, if those Mountains 
did not impede them, which agreeth with what you say: For as you affirm, the 
Air, which is invironed by ledges of Mountains, to be carried about by the 
asperity of the moveable Earth; we on the contrary say, That the whole Element 
of Air is carried about by the motion of Heaven, that part only excepted which 
lyeth below those bodies, which is hindred by the asperity of the immoveable 
Earth. And whereas you said, That in case that asperity should be removed, the 
Air would also cease to be whirld about; we may say, That the said asperity 


being removed, the whole Aire would continue its motion. Whereupon, because 
the surfaces of spacious Seas are smooth, and even; the Airs motion shall 
continue upon those, alwaies blowing from the East: And this is more sensibly 
perceived in Climates lying under the Line, and within the Tropicks, where the 
motion of Heaven is swifter; and like as that Celestial motion is able to bear 
before it all the Air that is at liberty, so we may very rationally affirm that it 
contributeth the same motion to the Water moveable, as being fluid and not 
connected to the immobility of the Earth: The motion of the Water dependeth on 
the motion of Heaven. And with so much the more confidence may we affirm 
the same, in that by your confession, that motion ought to be very small in resect 
of the efficient Cause; which begirting in a natural day the whole Terrestrial 
Globe, passeth many hundreds of miles an hour, and especially towards the 
Equinoctial; whereas in the currents of the open Sea, it moveth but very few 
miles an hour. And thus the voiages towards the West shall come to be 
commodious and expeditious, not onely by reason of the perpetual Eastern Gale, 
but of the course also of the Waters; from which course also perhaps the Ebbing 
and Flowing may come, by reason of the different scituation of the Terrestrial 
Shores: The flux and reflux may depend on the diurnal motion of Heaven. 
against which the Water coming to beat, may also return backwards with a 
contrary motion, like as experience sheweth us in the course of Rivers; for 
according as the Water in the unevenness of the Banks, meeteth with some parts 
that stand out, or make with their Meanders some Reach or Bay, here the Water 
turneth again, and is seen to retreat back a considerable space. Upon this I hold, 
That of those effects from which you argue the Earths mobility, and alledge it as 
a cause of them, there may be assigned a cause sufficiently valid, retaining the 
Earth stedfast, and restoring the mobility of Heaven. 


SALV. 


It cannot be denied, but that your discourse is ingenious, & hath much of 
probability, I mean probability in appearance, but not in reality & existence: It 
consisteth of two parts: In the first it assignes a reason of the continual motion 
of the Eastern Winde, and also of a like motion in the Water. In the second, It 
would draw from the same Sourse the cause of the Ebbing and Flowing. The 
first part hath (as I have said) some appearance of probability, but yet extreamly 
less then that which we take from the Terrestrial motion. The second is not onely 
wholly improbable, but altogether impossible and false. A reason of the 
continual motion of the Air and Water may be given, making the Earth 
moveable, then by making it immoveable. And coming to the first, whereas it is 


said that the Concave of the Moon carrieth about the element of Fire, and the 
whole Air, even to the tops of the higher Mountains. I answer first, that it is 
dubious whether there be any element of Fire: But suppose there be, it is much 
doubted of the Orbe of the Moon, as also of all the rest; that is, Whether there be 
any such solid bodies and vast, or elss, Whether beyond the Air there be 
extended a continuate expansion of a substance of much more tenuity and purity 
than our Air, up and down which the Planets go wandring, as now at last a good 
part of those very Phylosophers begin to think: Its improbable that the element 
of Fire should be carried round by the Concave of the Moon. But be it in this or 
in that manner, there is no reason for which the Fire, by a simple contract to a 
superficies, which you your self grant to be smooth and terse, should be 
according to its whole depth carried round in a motion different from its natural 
inclination; as hath been defusely proved, and with sensible reasons 
demonstrated byA Treatise of our Author formerly cited. I] Saggiatore: Besides 
the other improbability of the said motions transfusing it self from the subtilest 
Fire throughout the Air, much more dense; and from that also again to the Water. 
But that a body of rugged and mountainous surface, by revolving in it self, 
should carry with it the Air contiguous to it, and against which its promontaries 
beat, is not onely probable but necessary, and experience thereof may be daily 
seen; though without seeing it, I believe that there is no judgement that doubts 
thereof. As to the other part, supposing that the motion of Heaven did carry 
round the Air, and also the Water; yet would that motion for all that have 
nothing to do with the Ebbing and Flowing. For being that from one onely and 
uniform cause, there can follow but one sole and uniform effect; The Ebbing and 
Flowing cannot depend on the motion of Heaven. that which should be 
discovered in the Water, would be a continuate and uniform course from East to 
West; and in that a Sea onely, which running compass environeth the whole 
Globe. But in determinate Seas, such as is the Mediterrane shut up in the East, 
there could be no such motion. For if its Water might be driven by the course of 
Heaven towards the West, it would have been dry many ages since: Besides that 
our Water runneth not onely towards the West, But returneth backwards towards 
the East, and that in ordinal Periods: And whereas you say by the example of 
Rivers, that though the course of the Sea were Originally that onely from East to 
West, yet nevertheless the different Position of the Shores may make part of the 
Water regurgitate, and return backwards: I grant it you, but it is necessary that 
you take notice my Simplicius, that where the Water upon that account returneth 
backwards, it doth so there perpetually; and where it runneth straight forwards, it 
runneth there alwayes in the same manner; for so the example of the Rivers 
shewes you. But in the case of the ebbing and flowing, you must finde and give 


us some reason why it doth in the self same place run one while one way, and 
another while another; Effects that being contrary & irregular, can never be 
deduced from any uniform and constant Cause: And this Argument, that 
overthrows the Hypothesis of the motion contributed to the Sea from the 
Heavens diurnal motion, doth also confute that Position of those who would 
admit the sole diurnal motion of the Earth, and believe that they are able with 
that alone to give a reason of the Flux and Reflux: Of which effect since it is 
irregular, the cause must of necessity be irregular and alterable. 


SIMP. 


I have nothing to reply, neither of my own, by reason of the weakness of my 
understanding; nor of that of others, for that the Opinion is so new: But I could 
believe that if it were spread amongst the Schools, there would not want 
Phylosophers able to oppose it. 


SAGR. 


Expect such an occasion; and we in the mean time if it seem good to Salviatus, 
will proceed forward. 


SALV. 


All that which hath been said hitherto, pertaineth to the diurnal period of the 
ebbing and flowing; of which we have in the first place demonstrated in general 
the primary and universal Cause, without which, no such effect would follow: 
Afterw ds passing to the particular Accidents, various, and in a certain sort 
irregular, that are observed therein: We have handled the secondary and 
concommitant Causes upon which they depend. Now follow the two other 
Periods, Monethly, and Annual, which do not bring with them new and different 
Accidents, other than those already considered in the diurnal Period; but they 
operate on the same Accidents, by rendring them greater and lesser in several 
parts of the Lunar Moneth, and in several times of the Solar Year; as if that the 
Moon and Sun did each conceive it self apart in operating and producing of 
those Effects; a thing that totally clasheth with my understanding, which seeing 
how that this of Seas is a local and sensible motion, made in an immense mass of 
Water, it cannot be brought to subscribe to Lights, to temperate Heats, to 
predominacies by occult Qualities, and to such like vain Imaginations, that are so 
far from being, or being possible to be Causes of the Tide; that on the contrary, 


the Tide is the cause of them, that is, of bringing them into the brains more apt 
for loquacity and ostentation, than for the speculation and discovering of the 
more abstruse secrets of Nature; which kind of people, before they can be 
brought to pronounce that wise, ingenious, and modest sentence, I know it not, 
suffer to escape from their mouths and pens all manner of extravagancies. And 
the onely observing, that the same Moon, and the same Sun operate not with 
their light with their motion, with great heat, or with temperate, on the lesser 
reeeptacl s of Water, but that to effect their flowing by heat, they must be 
reduced to little lesse than boiling, and in short, we not being able artificially to 
imitate any way the motions of the Tide, save only by the motion of the Vessel, 
ought it not to satisfie every one, that all the other things alledged, as causes of 
those effects, are vaine fancies, and altogether estranged from the Truth. I say, 
The alterations in the effects argue alteration in the cause. therefore, that if it be 
true, that of one effect there is but one sole primary cause, and that between the 
cause and effect, there is a firm and constant connection; it is necessary that 
whensoever there is seen a firm and constant alteration in the effect, there be a 
firm and constant alteration in the cause. And because the alterations that happen 
in the ebbing and flowing in several parts of the Year and Moneths, have their 
periods firm and constant, it is necessary to say, that a regular alteration in those 
same times happeneth in the primary cause of the ebbings and flowings. The 
causes as large assigned of the Periods Monethly and Annual of the ebbings and 
flowings. And as for the alteration that in those times happens in the ebbings and 
flowings consisteth onely in their greatness; that is, in the Waters rising and 
falling more or lesse, and in running with greater or lesse impetus; therefore it is 
necessary, that that which is the primary cause of the ebbing and flowing, doth in 
those same determinate times increase and diminish its force. But we have 
already concluded upon the inequality and irregularity of the motion of the 
Vessels containing the Water to be the primary cause of the ebbings and 
flowings. Therefore it is necessary, that that irregularity, from time to time, 
correspondently grow more irregular, that is, grow greater and lesser. Now it is 
requisite, that we call to minde, that the irregularity, that is, the different velocity 
of the motions of the Vessels, to wit, of the parts of the Terrestrial Superficies, 
dependeth on their moving with a compound motion, resulting from the 
commixtion of the two motions, Annual and Diurnal, proper to the whole 
Terrestrial Globe; of which the Diurnal conversion, by one while adding to, and 
another while substracting from, the Annual motion, is that which produceth the 
irregularity in the compound motion; so that, in the additions and substractions, 
that the Diurnal revolution maketh from the Annual motion, consisteth the 
original cause of the irregular motion of the Vessels, The monethly and annual 


alterations of the tide can depend upon nothing, save on the alteration of the 
additions & substractions of the diurnal period from the annual. and 
consequently of the Ebbing and Flowing: insomuch that if these additions and 
substractions should alwayes proceed in the same proportion, in respect of the 
Annual motion, the cause of the Ebbing and Flowing would indeed continue, but 
yet so as that they would perpetually return in the self same manner: But we are 
to finde out the cause of making the same Ebbings and Flowings in divers times 
greater and lesser: Therefore we must (if we will retain the identity of the cause) 
find the alteration in these additions and substractions, that make them more & 
less potent, in producing those effects which depend thereupon. But I see not 
how that potency and impotence can be introduced, unlesse by making the same 
additions and substractions, one while greater, and another while lesser; so that 
the acceleration and the retardment of the compound motion, may be made, 
sometimes in greater, and sometimes in lesser proportion. 


SAGR. 


I feel my self very gently led, as it were, by the hand, and though I finde no rubs 
in the way, yet neverthelesse, like a blind man, I see not whether your Clue 
leadeth me, nor can I imagine where such a Journey will end. 


SALV. 


Though there be a great difference between my slow pac’t Philosophy, and your 
more nimble Reason, yet neverthelesse, in this particular which we are now 
upon, I do not much wonder, if the apprehensivenesse of your wit be a little 
obscured by the dark and thick mist that hides the mark, at which we aime: and 
that which lesseneth my admiration is, the remembrance of the many hours, 
many dayes, yea more, many nights that I have consumed in this contemplation, 
and of the many times that, despairing to bring it to a period, I have, for an 
incouragement of my self, indeavoured to believe, by the example of the 
unfortunate Orlando, that that might not possibly be true, which yet the 
testimony of so many credible men set before my eyes: wonder not, therefore, if 
this once, contrary to your custome, you do not foresee what I intend: and if you 
will needs admire, I believe that the event, as far as I can judge unexpected, will 
make you cease your wonderment. 


SAGR. 


I thank God, that he did not permit that desperation of yours to end in the Exit 
that is fabled of the miserable Orlando, nor in that which haply is no lesse 
fabulously related of Aristotle,, that so neither my self nor others should be 
deprived of the discovery of a thing, as abstruse as it was desirable: I beseech 
you, therefore, to satisfie my eager appetite as soon as you can. 


SALV. 


I am ready to serve you: We were upon an inquiry in what manner the additions 
and substractions of the Terrestriall conversion from the Annual motion, could 
be made, one while in a greater, and another while in a lesser proportion; which 
diversity, and no other thing, could be assigned for the cause of the alterations, 
Monethly and Annual, that are seen in the greatnesse of the Ebbings and 
Flowings. I will now consider how this proportion of the additions and 
substractions of the Diurnal Revolution, Three wayes of altering the proportion 
of the additions of the diurnal Revolution to the annual motion. and Annual 
motion may grow greater and lesser three several wayes. One is by increasing 
and diminishing the velocity of the Annual motion, retaining the additions and 
substractions made by the Diurnal conversion in the same greatnesse, because 
the Annual motion being about three times greater, that is, more velocious than 
the Diurnal motion (considered likewise in the Grand Circle) if we increase it 
anew, the additions and substractions of the Diurnal motion will occasion lesse 
alteration therein: but, on the other side, making it more slow, it will be altered 
in greater proportion, by that same diurnal motion, just as the adding or 
substracting four degrees of velocity from one that moveth with twenty degrees, 
altereth his course lesse, than those very four degrees would do, added or 
substracted from one that should move onely with ten degrees. The second way 
would be, by making the additions and substractions greater and lesser, retaining 
the annual motion in the same velocity; which is as easie to be understood, as it 
is manifest, that a velocity v. gr. of 20 degr. is more altered by the addition or 
substraction of 10. deg. than by the addition or substraction of 4. The third way 
would be, in case these two were joyned together, diminishing the annual 
motion, & increasing the diurnal additions and substractions. Hitherto, as you 
see, it was no hard matter to attain, but yet it proved to me very hard to find by 
what means this might be effected in Nature. That which to us is hard to be 
understood, is with Nature easie to be effected. Yet in the end, I finde that she 
doth admirably make use thereof, and in wayes almost incredible: I mean, 
admirable and incredible to us, but not to her, who worketh even those very 
things, which, to our capacity, are of infinite wonder, with extraordinary facility 


and simplicity: and that which it is hard for us to understand, is easie for her to 
effect. Now to proceed, having shewn that the proportion between the additions 
and substractions of the Diurnal conversion and Annual motion may be made 
greater and lesser, two wayes, (and I say two, because the third is comprized in 
the two first) I adde, that Nature maketh use of them both: and farthermore, I 
subjoyn, that if she did make use but of one alone, it would be necessary to take 
away one of the two Periodical alterations. If the Diurnal motion should not 
alter, the annual Period would cease That of the Monethly Period would cease, if 
the annual motion should not alter. And in case the additions and substractions 
of the diurnal revolution should continually be equal, the alterations of the 
annual Period would fail. 


SAGR. 


It seems then, that the Monethly alteration of ebbings and flowings dependeth on 
the alteration of the annual motion of the Earth? And the annual alteration of 
those ebbings and flowings do, it seems, depend on the additions and 
substractions of the diurnal conversion? And here now I finde my self worse 
puzzled than before, and more out of hope of being able to comprehend how this 
intricacy may be, which is more inextricable, in my judgment, than the Gordian 
knot. And I envy Simplicius, from whose silence I argue that he doth apprehend 
the whole businesse, and is acquit of that confusion which greatly puzzleth my 
brains. 


SIMP. 


I believe verily, Sagredus, that you are put to a a stand; and I believe that I know 
also the cause of your confusion, which, if I mistake not, riseth from your 
understanding part of those particulars but even now alledged by Salviatus, and 
but a part. It is true likewise that I find my self free from the like confusion; but 
not for that cause as you think, to wit, because I apprehend the whole, nay it 
happens upon the quite contrary account; namely, from my not comprehending 
any thing, and confusion is in the plurality of things, and not in nothing. 


SAGR. 


You see Salviatus, how a few checks given to Simplicius in the dayes preceding, 
have rendered him gentle, and brought him from the capriol to the amble. But I 
beseech you without farther delay, put us both out of suspence. 


SALV. 


I will endeavour it to the utmost of my harsh way of expressing my self, the 
obtusenesse of which, the acutenesse of your wit shall supply. The accidents of 
which we are to enquire the causes are two: The first respecteth the varieties that 
happen in the ebbings and flowings in the Monethly Period; and the othr relateth 
to the Annual. We will first speak of the Monethly, and then treat of the Annual; 
and it is convenient that we resolve them all according to the Fundamentals and 
Hypothesis already laid down, without introducing any novelty either in 
Astronomy, or in the Universe, in favour of the ebbings and flowings; therefore 
let us demonstrate that of all the several accidents in them observed, the causes 
reside in the things already known, The true Hypothesis may dispatch its 
revolutions in a shorter time, in lesser circles than in greater; the which is proved 
by two examples. and received for true and undoubted. I say therefore, that it is a 
truly natural, yea necessary thing, that one and the same moveable made to move 
round by the same moving virtue in a longer time, do make its course by a 
greater circle, rather than by a lesser; and this is a truth received by all, and 
confirmed by all experiments, The first example. of which we will produce a 
few. In the wheel-clocks, and particularly in the great ones, to moderate the 
time, the Artificers that make them accomodate a certain voluble staffe 
horozontally, and at each end of it they fasten two Weights of Lead, and when 
the time goeth too slow, by the onely removing those Leads a little nearer to the 
centre of the staffe, they render its vibrations more frequent; and on the contrary 
to retard it, it is but drawing those Weights more towards the ends; for so the 
vibrations are made more seldome, and consequently the intervals of the hours 
are prolonged. 


Here the movent vertue is the same, The second example. namely the 
counterpoise, the moveables are those same Weights of lead, and their vibrations 
are more frequent when they are neerer to the centre, that is, when they move by 
lesser circles. Hanging equal Weights at unequal cords, and being removed from 
their perpendicularity, letting them go; we shall see those that are pendent at the 
shorter cords, to make their vibrations under shorter times, as those that move by 
lesser circles. Again, let such a kind of Weight be fastened to a cord, which cord 
let play upon a staple fastened in the Seeling, and do you hold the other end of 
the cord in your hand, and having given the motion to the pendent Weight, 
whilst it is making its vibrations, pull the end of the cord that you hold in your 
hand, so that the Weight may rise higher and higher: In its rising you shall see 
the frequency of its vibrations encrease, in regard that they are made 


successively by lesser and lesser circies. Two particular notable accidents in the 
penduli and their vibrations. And here I desire you to take notice of two 
particulars worthy to be observed. One is that the vibrations of one of those 
plummets are made with such a necessity under such determinate times, that it is 
altogether impossible to cause them to be made under other times, unlesse it be 
by prolonging, or abreviating the cord; of which you may also at this very instant 
ascertain your selves by experience, tying a stone to a pack-threed, and holding 
the other end in your hand, trying whether you can ever by any artifice be able to 
swing it this way and that way in other than one determinate time, unlesse by 
lengthening of shortening the string, which you will find to be absolutely 
impossible. The other particular truly admirable is, that the self same pendulum 
makes its vibrations with one and the same frequency, or very little, and as it 
were insensibly different, whether they be made by very great, or very small 
arches of the self-same circumference. I mean that whether we remove the 
pendulum from perpendicularity one, two, or three degrees onely, or whether we 
remove it 70. 80. nay to an entire quadrant, it being let go, will in the one case 
and in the other make its vibrations with the same frequency, as well the former 
where it is to move by an arch of but four or six degrees, as the second, where it 
is to passe arches of 160. or more degrees. Which may the better be seen, by 
hanging two weights at two strings of equal length, and then removing them 
from perpendicularity, one a little way, and the other very far; the which being 
set at liberty, will go & return under the same times, the one by arches very 
small, & the other by very great ones, from whence followeth the conclusion of 
an admirable Problem; Admirable Problems of moveables descending by the 
Quadrant of a Circle, and of those descending by all the cords of the whole 
Circle. which is, That a Quadrant of a Circle being given (take a little diagram of 
the same, [in Fig. 3. ]) as for instance: AB erect to the Horizon, so as that it rest 
upon the plain touching in the point B. and an Arch being made with a Hoop 
well plained and smoothed in the concave part, bending it according to the 
curvity of the Circumference ADB. So that a Bullet very round and smooth may 
freely run to and again within it (the rim of a Sieve is very proper for the 
experiment) I say, that the Bullet being put in any what ever place, neer or far 
from the lowest term B. As for instance, putting it in the point C, or here in D, or 
in E; and then let go, it will in equal times, or insensibly different arrive at the 
term B, departing from C, or from D, or from E, or from whatever other place; 
an accident truly wonderfull. We may add another accident no less strange than 
this, which is, That moreover by all the cords drawn from the point B to the 
points C, D, E; and to any other whatsoever, taken not onely in the Quadrant 
BA, but in all the whole circumference of the Circle the said moveable shall 


descend in times absolutely equal; insomuch that it shall be no longer in 
descending by the whole Diameter erect perpendicularly upon the point B, then 
it shall in descending by B. C. although it do sublend but one sole degree, or a 
lesser Arch. Let us add the other wonder, which is, That the motions of the 
falling bodies made by the Arches of the Quadrant AB; are made in shorter times 
than those that are made by the cords of those same Arches; so that the swiftest 
motion, and made by a moveable in the shortest time, to arrive from the point A, 
to the term B, shall be that which is made, not by the right line A, B, (although it 
be the shortest of all those that can de drawn between the points A. B.) but by 
the circumference ADB. And any point being taken in the said Arch; as for 
example: The point D. and two cords drawn AD, and D. B. the moveable 
departing from the qoint A, shall in a less time come to B, moving by the two 
cords AD and DB. than by the sole cord A, B. But the shortest of all the times 
shall be that of the fall by the Arch ADB. And the self same accidents are to be 
understood of all the other lesser Arches taken from the lowermost term B. 
upwards. 


SAGR. 


No more, no more; for you so confund and fill me with Wonders, and distract 
my thoughts so many several wayes, that I fear I shall have but a small part of it 
left free and disingaged, to apply to the principal matter that is treated of, and 
which of it self is but even too obscure and intricate: So that I intreat you to 
vouchsafe me, having once dispatcht the business of the ebbings and flowings, to 
do this honour to my house (and yours) some other dayes, and to discourse upon 
the so many other Problems that we have left in suspence; and which perhaps are 
no less curious and admirable, than this that hath been discussed these dayes 
past, and that now ought to draw to a conclusion. 


SALV. 


I shall be ready to serve you, but we must make more than one or two Sessions; 
if besides the other questions reserved to be handled apart, we would discusse 
those many that pertain to the local motion, as well of natural moveables, as of 
the rejected: an Argument largely treated of by our Lyncean Accademick. But 
turning to our first purpose, where we were about to declare, That the bodies 
moving circularly by a movent virtue, which continually remaineth the same, the 
times of the circulation were prefixt and determined, and impossible to be made 
longer or shorter, having given examples, and produced experiments thereof, 


sensible, and feasible, we may confirm the same truth by the experiences of the 
Celestial motions of the Planets; in which we see the same rule observed; for 
those that move by greater Circles, confirm longer times in passing them. A 
most pertinent observation of this we have from the Medicaean Planets, which in 
short times make their revolutions about Jupiter: Insomuch that it is not to be 
questioned, nay we may hold it for sure and certain, that if for example, the 
Moon continuing to be moved by the same movent faculty, should retire by little 
and little in lesser Circles, it would acquire a power of abreviating the times of 
its Periods, according to that Pendulum, of which in the course of its vibrations, 
we by degrees shortned the cord, that is contracted the Semidiameter of the 
circumferences by it passed. Know now that this that I have alledged an example 
of it in the Moon, is seen and verified essentially in fact. Let us call to mind, that 
it hath been already concluded by us, together with Copernicus, The Earths 
annual motion by the Ecliptick, unequal by means of the Moons motion, That it 
is not possible to separate the Moon from the Earth, about which it without 
dispute revolveth in a Moneth: Let us remember also that the Terrestrial Globe, 
accompanyed alwayes by the Moon, goeth along the circumference of the Grand 
Orb about the Sun in a year, in which time the Moon revolveth about the Earth 
almost thirteen times; from which revolution it followeth, that the said Moon 
sometimes is found near the Sun; that is, when it is between the Sun and the 
Earth, and sometimes much more remote, that is, when the Earth is situate 
between the Moon and Sun; neer, in a word, at the time of its conjunction and 
change; remote, in its Full and Opposition; and the greatest vicinity differ the 
quantity of the Diameter of the Lunar Orb. Now if it be true that the virtue which 
moveth the Earth and Moon, about the Sun, be alwayes maintained in the same 
vigour; and if it be true that the same moveable moved by the same virtue, but in 
circles unequal, do in shorter times passe like arches of lesser circles, it must 
needs be granted, that the Moon when it is at a lesse distance from the Sun, that 
is in the time of conjunction, passeth greater arches of the Grand Orb, than when 
it is at a greater distance, that is in its Opppsition and Full. And this Lunar 
inequality must of necessity be imparted to the Earth also; for if we shall 
suppose a right line produced from the centre of the Sun by the centre of the 
Terrestrial Globe, and prolonged as far as the Orb of the Moon, this shall be the 
semidiameter of the Grand Orb, in which the Earth, in case it were alone, would 
move uniformly, but if in the same semidiameter we should place another body 
to be carried about, placing it one while between the Earth and Sun, and another 
while beyond the Earth, at a greater distance from the Sun, it is necessary, that in 
this second case the motion common to both, according to the circumference of 
the great Orb by means of the distance of the Moon, do prove a little slower than 


in the other case, when the Moon is between the Earth and Sun, that is at a lesser 
distance. So that in this businesse the very same happeneth that befals in the time 
of the clock; that lead which is placed one while farther from the centre, to make 
the vibrations of the staffe or ballance lesse frequent, and another while nearer, 
to make them thicker, representing the Moon. Hence it may be manifest, that the 
annual motion of the Earth in the Grand Orb, and under the Ecliptick, is not 
uniform, and that its irregularity proceedeth from the Moon, and hath its 
Monethly Periods and Returns. And because it hath been concluded, that the 
Monethly and Annual Periodick alterations of the ebbings and flowings, cannot 
be deduced from any other cause than from the altered proportion between the 
annual motion and the additions and substractions of the diurnal conversion; and 
that those alterations might be made two wayes, that is by altering the annual 
motion, keeping the quantity of the additions unaltered, or by changing of the 
bignesse of these, reteining the uniformity of annual motion. We have already 
found the first of these, depending on the irregularity of the annual motion 
occasioned by the Moon, and which hath its Monethly Periods. It is therefore 
necessary, that upon that account the ebbings and flowings have a Monethly 
Period in which they do grow greater and lesser. Now you see that the cause of 
the Monethly Period resideth in the annual motion; and withal you see how 
much the Moon is concerned in this business, and how it is therewith interrupted 
apart, without having any thing to do with either, with Seas or Waters. 


SAGR. 


If one that never had seen any kinde of Stairs or Lader, were shewed a very high 
Tower, and asked if ever he hoped to climb to the top of it, I verily believe that 
he would answer he did not, not conceiving how one should come thither any 
way except by flying; but shewing him a stone of but a foot high, and asking him 
whether he thought he could get to the top of that, I am certain that he would 
answer he could; and farther, that he would not deny, but that it was not onely 
one, but ten, twenty, and an hundred times easier to climb that: But now if he 
should be shewed the Stairs, by means whereof, with the facility by him granted, 
it is possible to get thither, whither he a little before had affirmed it was 
impossible to ascend, I do think that laughing at himself he would confess his 
dulness of apprehension. Thus, Salviatus, have you step by step so gently lead 
me, that, not without wonder, I finde that I am got with small pains to that height 
which I despaired of arriving at. ’Tis true; that the Staircase having been dark, I 
did not perceive that I was got nearer to, or arrived at the top, till that coming 
into the open Air I discovered a great Sea, and spacious Country: And as in 


ascending one step, there is no labour; so each of your propositions by it self 
seemed to me so plain, that thinking I heard but little or nothing that was new 
unto me, I conceived that my benefit thereby had been little or none at all: 
Whereupon I was the more amazed at the unexpected exit of this discourse, that 
hath guided me to the knowledge of a thing which I held impossible to be 
demonstrated. One doubt onely remains, from which I desire to be freed, and this 
it is; Whether that if the motion of the Earth together with that of the Moon 
under the Zodiack are irregular motions, those irregularities ought to have been 
observed and taken notice of by Astronomers, which I do not know that they are: 
Therefore I pray you, who are better acquainted with these things than I, to free 
me from this doubt, and tell me how the ase stands. 


SALV. 


You ask a rational question, and answering to the Objection, Many things may 
remain as yet unobserved in Astronomy. I say; That although Astronomy in the 
courses of many ages hath made a great progress in discovering the constitution 
and motions of the Celestial bodies, yet is it not hitherto arrived at that height, 
but that very many things remain undecided, and haply many others also 
undiscovered. It is to be supposed that the first observers of Heaven knew no 
more but one motion common to all the Stars, as is this diurnal one: yet I 
believe that in few dayes they perceived that the Moon was inconstant in 
keeping company with the other Stars; but yet withal, that many years past, 
before that they distinguished all the Planets: And in particular, Saturn for its 
slowness, and Mercury for its rareness of appearing were amongst those that 
were last observed. I conceit that Saturn by its slowness, and Mercury by reason 
of its seldom appearing, were the last that were observed to be wandring and 
errant. It is to be thought that many more years run out before the statio s and 
retrogradations of the three superiour Planets were known, as also their 
approximations and recessions from the Earth, necessary occasions of 
introducing the Eccentrix and Epicicles, things unknown even to Aristotle, for 
that he makes no mention thereof. Mercury, and Venus, with their admirable 
apparitions; how long did they keep Astronomers in suspence, before that they 
could resolve (not to speak of any other of their qualities) upon their situation? 
Insomuch that the very order onely of the Mundane bodies, and the integral 
structure of the parts of the Universe by us known, hath been doubted of untill 
the time of Copernicus, who hath at last given us notice of the true constitution, 
and real systeme, according to which those parts are disposed; so that at length 
we are certain that Mercury, Venus, and the other Planets do revolve about the 


Sun; and that the Moon revolveth about the Earth. But how each Planet 
governeth it self in its particular revolution, Particular structures of the Orbs of 
the Planets not yet well resolved. and how precisely the structure of its Orb is 
framed; which is that which is vulgarly called the Theory of the Planets, we 
cannot as yet undoubtedly resolve. Mars, that hath so much puzled our Modern 
Astronomers, is a proof of this: And to the Moon her self there have been 
assigned several Theories, after that the said Copernicus had much altered it 
from that of Ptolomy. And to descend to our particular case, that is to say, to the 
apparent motion of the Sun and Moon; touching the former, there hath been 
observed a certain great irregularity, whereby it passeth the two semicircles of 
the Ecliptick, The Sun passeth one half of the Zodiack nine days sooner than the 
other. divided by the points of the Equinoxes in very different times; in passing 
one of which, it spendeth about nine dayes more than in passing the other; a 
difference, as you see, very great and notable. But if in passing small arches, 
such for example as are the twelve Signs, he maintain a most regular motion, or 
else proceed with paces, one while a little more swift, and another more slow, as 
it is necessary that it do, in case the annual motion belong to the Sun onely in 
appearance, but in reality to the Earth in company with the Moon, it is what hath 
not hitherto been observed, The Moons motion principally sought in the account 
of Eclipses. nor it may be, sought. Touching the Moon in the next place, whose 
restitutions have been principally lookt into an account of the Eclipses, for which 
it is sufficient to have an exact knowledge of its motion about the Earth, it hath 
not been likewise with a perfect curiosity inquired, what it course is thorow the 
particular arches of the Zodiack. That therefore the Earth and Moon in running 
through the Zodiack, that is round the Grand Orb, do somewhat accellerate at the 
Moons change, and retard at its full, ought not to be doubted; for that the said 
difference is not manifest, which cometh to be unobserved upon two accounts; 
First, Because it hath not been lookt for. Secondly, Because that its possible it 
may not be very great. Nor is there any need that it should be great, for the 
producing the effect that we see in the alteration of the greatness of ebbings and 
flowings. Ebbings and flowings are petty things in comparison of the vastness of 
Seas and of the velocity of the motion of the Terrestrial Globe. For not onely 
those alterations, but the Tides themselves are but small matters in respect of the 
grandure of the subjects on which they work; albeit that to us, and to our 
littleness they seem great. For the addition or subduction of one degree of 
velocity where there are naturally 700, or 1000, can be called no great alteration, 
either in that which conferreth it, or in that Which receiveth it: the Water of our 
Mediterrane carried about by the diurnal revolution, maketh about 700 miles an 
hour, (which is the motion common to the Earth and to it, and therefore not 


perceptible to us) & that which we sensibly discern to be made in the streams or 
currents, is not at the rate of full one mile an hour, (I speak of the main Seas, and 
not of the Straights) and this is that which altereth the first, naturall, and grand 
motion; and this motion is very great in respect of us, and of Ships: for a Vessel 
that in a standing Water by the help of Oares can make v. g. three miles an hour, 
in that same current will row twice as far with the stream as against it: A notable 
difference in the motion of the Boat, though but very small in the motion of the 
Sea, which is altered but its seven hundredth part. The like I say of its rising, and 
falling one, two, or three feet; and scarcely four or five in the utmost bounds of a 
streight, two thousand, or more miles long, and where there are depths of 
hundreds of feet; this alteration is much less than if in one of the Boats that bring 
us fresh Water, the said Water upon the arrest of the Boat should rise at the Prow 
the thickness of a leaf. I conclude therefore that very small alterations in respect 
of the immense greatness, and extraordinary velocity of the Seas, is sufficient to 
make therein great mutations in relation to our smallness, and to our accidents. 


SAGR. 


I am fully satisfied as to this particular; it remains to declare unto us how those 
additions and substractions derived from the diurnal Vertigo are made one while 
greater, and another while lesser; from which alterations you hinted that the 
annual period of the augmentations and diminutions of the ebbings and flowings 
did depend. 


SALV. 


I will use my utmost endeavours to render my self intelligible, The causes of the 
inequality of the additions and substractions of the diurnal conversion from the 
annual motion. but the difficulty of the accident it self, and the great attention of 
mind requisite for the comprehending of it, constrains me to be obscure. The 
unequalities of the additions and substractions, that the diurnal motion maketh to 
or from the annual dependeth upon the inclination of the Axis of the diurnal 
motion upon the plane of the Grand Orb, or, if you please, of the Ecliptick; by 
means of which inclination the Equinoctial intersecteth the said Ecliptick, 
remaining inclined and oblique upon the same according to the said inclination 
of Axis. And the quantity of the additions importeth as much as the whole 
diameter of the said Equinoctial, the Earths centre being at the same time in the 
Solstitial points; but being out of them it importeth lesse and lesse, according as 
the said centre successively approacheth to the points of the Equinoxes, where 


those additions are lesser than in any other places. This is the whole businesse, 
but wrapt up in the obscurity that you see. 


SAGR. 
Rather in that which I do no not see; for hitherto I comprehend nothing at all. 
SALV. 


I have already foretold it. Neverthelesse we will try whether by drawing a 
Diagram thereof, we can give some small light to the same; though indeed it 
might better be set forth by solid bodies than by bare Schemes; yet we will help 
our selves with Perspective and fore-shortning. Let us draw therefore, as before, 
the circumference of the Grand Orb, [as in Fig. 4. ] in which the point A is 
understood to be one of the Solstitials, and the diameter AP the common Section 
of the Solstitial Colure, and of the plane of the Grand Orb or Ecliptick; and in 
that same point A let us suppose the centre of the Terrestrial Globe to be placed, 
the Axis of which CAB, inclined upon the Plane of the Grand Orb, falleth on the 
plane of the said Colure that passeth thorow both the Axis of the Equinoctial, 
and of the Ecliptick. And for to prevent confusion, let us only draw the 
Equinoctial circle, marking it with these characters DGEF, the common section 
of which, with the plane of the grand Orb, let be the line DE, so that half of the 
said Equinoctial DFE will remain inclined below the plane of the Grand Orb, 
and the other half DGE elevated above. Let now the Revolution of the said 
Equinoctial be made, according to the order of the points DGEF, and the motion 
of the centre from A towards E. And because the centre of the Earth being in A, 
the Axis CB (which is erect upon the diameter of the Equinoctial DE) falleth, as 
hath been said, in the Solstitial Colure, the common Section of which and of the 
Grand Orb, is the diameter PA, the said line PA shall be perpendicular to the 
same DE, by reason that the Colure is erect upon the grand Orb; and therefore 
the said DE, shall be the Tangent of the grand Orb in the point A. So that in this 
Position the motion of the Centre by the arch AE; that is, of one degree every 
day differeth very little; yea, is as if it were made by the Tangent DAE. And 
because by means of the diurnal motion the point D, carried about by G, unto E, 
encreaseth the motion of the Centre moved almost in the same line DE, as much 
as the whole diameter DE amounts unto; and on the other side diminisheth as 
much, moving about the other semicircle EFD. The additions and subductions in 
this place therefore, that is in the time of the solstice, shall be measured by the 
whole diameter DE. 


Let us in the next place enquire, Whether they be of the same bigness in the 
times of the Equinoxes; and transporting the Centre of the Earth to the point I, 
distant a Quadrant of a Circle from the point A. Let us suppose the said 
Equinoctial to be GEFD, its common section with the grand Orb DE, the Axis 
with the same inclination CB; but the Tangent of the grand Orb in the point I 
shall be no longer DE, but another which shall cut that at right Angles; and let it 
be this marked HIL, according to which the motion of the Centre I, shall make 
its progress, proceeding along the circumference of this grand Orb. Now in this 
state the Additions and Substractions are no longer measured by the diameter 
DE, as before was done; because that diameter not distending it self according to 
the line of the annual motion HL, rather cutting it at right angles, those terms 
DE, do neither add nor substract any thing; but the Additions and Substractons 
are to be taken from that diameter that falleth in the plane that is errect upon the 
plane of the grand Orb, and that intersects it according to the line HL; which 
diameter in this case shall be this GF and the Adjective, if I may so say, shall be 
that made by the point G, about the semicircle GEF, and the Ablative shall be 
the rest made by the other semicircle FDG. Now this diameter, as not being in 
the same line HL of the annual motion, but rather cutting it, as we see in the 
point I, the term G being elevated above, and E depressed below the plane of the 
grand Orb, doth not determine the Additions and Substractions according to its 
whole length, but the quantity of those first ought to be taken from the part of the 
line HL, that is intercepted between the perpendiculars drawn upon it from the 
terms GF; namely, these two GS, and FV: So that the measure of the additions is 
the line SV lesser then GF, or then DE; which was the measure of the additions 
in the Solstice A. And so successively, according as the centre of the Earth shall 
be constituted in other points of the Quadrant AI, drawing the Tangents in the 
said points, and the perpendiculars upon the same falling from the terms of the 
diameters of the Equinoctial drawn from the errect planes by the said Tangents 
to the plane of the grand Orb; the parts of the said Tangents (which shall 
continually be lesser towards the Equinoctials, and greater towards the Solstices) 
shall give us the quantities of the additions and substractions. How much in the 
next place the least additions differ from the greatest, is easie to be known, 
because there is the same difference betwixt them, as between the whole Axis or 
Diameter of the Sphere, and the part thereof that lyeth between the Polar-Circles; 
the which is less than the whole diameter by very near a twelfth part, supposing 
yet that we speak of the additions and substractions made in the Equinoctial; but 
in the other Parallels they are lesser, according as their diameters do diminish. 


This is all that I have to say upon this Argument, and all perhaps that can fall 
under the comprehension of our knowledge, which, as you well know, may not 
entertain any conclusions, save onely those that are firm and constant, such as 
are the three kinds of Periods of the ebbings and flowings; for that they depend 
on causes that are invariabl , simple, and eternal. But because that secondary and 
particular causes, able to make many alterations, intermix with these that are the 
primary and universal; and these secondary causes being part of them inconstant, 
and not to be observed; as for example, The alteration of Winds, and part 
(though terminate and fixed) unobserved for their multiplicity, as are the lengths 
of the Straights, their various inclinations towards this or that part, the so many 
and so different depths of the Waters, who shall be able, unless after very long 
observations, and very certain relations, to frame so expeditious Histories 
thereof, as that they may serve for Hypotheses, and certain suppositions to such 
as will by their combinations give adequate reasons of all the appearances, and 
as I may say, Anomalie, and particular irregularities that may be discovered in 
the motions of the Waters? I will content my self with advertising you, that the 
accidental causes are in nature, and are able to produce many alterations; for the 
more minute observations, I remit them to be made by those that frequent several 
Seas: and onely by way of a conclusion to this our conference, I will propose to 
be considered, how that the precise times of the fluxes and refluxes do not onely 
happen to be altered by the length of Straights, and by the difference of depths; 
but I believe that a notable alteration may also proceed from the comparing 
together of sundry tarcts of Sea, different in greatness; and in position, or, if you 
will, inclination; which difference happeneth exactly here in the Adriatick 
Gulph, lesse by far than the rest of the Mediterrane, and placed in so different an 
inclination, that whereas that hath its bounds that incloseth it on the Eastern part, 
as are the Coasts of Syria, this is shut up in its more Westerly part: and because 
the ebbings and flowings are much greater towards the extremities, yea, because 
the Seas risings and fallings are there onely greatest, it may probably happen that 
the times of Flood at Venice may be the time of low Water in the other Sea, 
which, as being much greater, and distended more directly from West to East, 
cometh in a certain sort to have dominion over the Adriatick: and therefore it 
would be no wonder, in case the effects depending on the primary causes, should 
not hold true in the times that they ought, and that correspond to the periods in 
the Adriatick, as it doth in the rest of the Mediterrane. But these Particularities 
require long Observations, which I neither have made as yet, nor shall I ever be 
able to make the same for the future. 


SAGR. 


You have, in my opinion, done enough in opening us the way to so lofty a 
speculation, of which, if you had given us no more than that first general 
Proposition that seemeth to me to admit of no reply, where you declare very 
rationally, that the Vessels containing the Sea-waters continuing stedfast, it 
would be impossible, according to the common course of Nature, that those 
motions should follow in them which we see do follow; and that, on the other 
side, granting the motions ascribed, for other respects, by Copernicus to the 
Terrestrial Globe, these same alterations ought to ensue in the Seas, if I say you 
had told us no more, this alone in my judgment, so far exceeds the vanities 
introduced by so many others, that my meer looking on them makes me nauseate 
them, and I very much admire, that among men of sublime wit, of which 
nevertheless there are not a few, not one hath ever considered the incompatibility 
that is between the reciprocal motion of the Water contained, and the immobility 
of the Vessel containing, which contradiction seemeth to me now so manifest. 


SALV. 


It is more to be admired, One single motion of the terrestrial Globe sufficeth not 
to produce the Ebbing & Flowing that it having come into the thoughts of some 
to refer the cause of the Tide to the motion of the Earth, therein shewing a more 
than common apprehension, they should, in afterwards driving home the motion 
close with no side; and all, because they did not see that one simple and uniform 
motion, as v. gr. the sole diurnal motion of the Terrestrial Globe, doth not 
suffice, but that there is required an uneven motion, one while accelerated, and 
another while retarded: for when the motion of the Vessels are uniforme, the 
waters contained will habituate themselves thereto, without ever making any 
alteration. To say also (as it is related of an ancient Mathematician) that the 
motion of the Earth meeting with the motion of the Lunar Orb, The opinion of 
Seleucus the Mathematician censured. the concurrence of them occasioneth the 
Ebbing and Flowing, is an absolute vanity, not onely because it is not exprest, 
nor seen how it should so happen, but the falsity is obvious, for that the 
Revolution of the Earth is not contrary to the motion of the Moon, but is towards 
the same way. So that all that hath been hitherto said, and imagined by others, is, 
in my judgment, altogether invalid. But amongst all the famous men that have 
philosophated upon this admirable effect of Nature, Kepler is with respect 
blamed. I more wonder at Kepler than any of the rest, who being of a free and 
piercing wit, and having the motion ascribed to the Earth, before him, hath for 
all that given his ear and assent to the Moons predominancy over the Water, and 
to occult properties, and such like trifles. 


SAGR. 


I am of opinion, that to these more spaculative persons the same happened, that 
at present befalls me, namely, the not understanding the intricate commixtion of 
the three Periods Annual, Monethly, and Diurnal; And how their causes should 
seem to depend on the Sun, and on the Moon, without the Suns or Moons having 
any thing to do with the Water; a businesse, for the full understanding of which I 
stand in need of a little longer time to consider thereof, which the novelty and 
difficulty of it hath hitherto hindred me from doing: but I despair not, but that 
when I return in my solitude and silence to ruminate that which remaineth in my 
fancy, not very well digested, I shall make it my own. We have now, from these 
four dayes Discourse, great attestations, in favour of the Copernican Systeme, 
amongst which these three taken: the first, from the Stations and Retrogradations 
of the Planets, and from their approaches, and recessions from the Earth; the 
second, from the Suns revolving in it self, and from what is observed in its spots; 
the third, from the Ebbing and Flowing of the Sea do shew very rational and 
concluding. 


SALV. 


To which also haply, in short, one might adde a fourth, and peradventure a fifth; 
a fourth, I say, taken from the fixed stars, seeing that in them, upon exact 
observations, those minute mutations appear, that Copernicus thought to have 
been insensible. There starts up, at this instant, a fifth novelty, from which one 
may argue mobility in the Terrestrial Globe, by means of that which the most 
Illustrious Signore Caesare, Sig. Caesare Marsilius observeth the Meridian to be 
moveable. of the noble Family of the Marsilii of Bologna, and a Lyncean 
Academick, discovereth with much ingenuity, who in a very learned Tract of his, 
sheweth very particularly how that he had observed a continual mutation, though 
very slow in the Meridian line, of which Treatise, at length, with amazement, 
perused by me, I hope he will communicate Copies to all those that are Students 
of Natures Wonders. 


SAGR. 


This is not the first time that I have heard speak of the exquisite Learning of this 
Gentleman, and of his shewing himself a zealous Patron of all the Learned, and 
if this, or any other of his Works shall come to appear in publique, we may be 
aforehand assured, that they will be received, as things of great value. 


SALV. 


Now because it is time to put an end to our Discourses, it remaineth, that I 
intreat you, that if, at more leasure going over the things again that have been 
alledged you meet with any doubts, or scruples not well resolved, you will 
excuse my oversight, as well for the novelty of the Notion, as for the weaknesse 
of my wit, as also for the grandure of the Subject, as also finally, because I do 
not, nor have pretended to that assent from others, which I my self do not give to 
this conceit, which I could very easily grant to be a Chymaera, and a meer 
paradox; and you Sagredus, although in the Discourses past you have many 
times, with great applause, declared, that you were pleased with some of my 
conjectures, yet do I believe, that that was in part more occasioned by the 
novelty than by the certainty of them, but much more by your courtesie, which 
did think and desire, by its assent, to procure me that content which we naturally 
use to take in the approbation and applause of our own matters: and as your 
civility hath obliged me to you; so am I also pleased with the ingenuity of 
Simplicius. Nay, his constancy in maintaining the Doctrine of his Master, with 
so much strength & undauntedness, hath made me much to love him. And as I 
am to give you thanks, Sagredus, for your courteous affection; so of Simplicius, 
I ask pardon, if I have sometimes moved him with my too bold and resolute 
speaking: and let him be assured that I have not done the same out of any 
inducement of sinister affection, but onely to give him occasion to set before us 
more lofty fancies that might make me the more knowing. 


SIMP. 


There is no reason why you should make all these excuses, that are needlesse, 
and especially to me, that being accustomed to be at Conferences and publique 
Disputes, have an hundred times seen the Disputants not onely to grow hot and 
angry at one another, but likewise to break forth into injurious words, and 
sometimes to come very neer to blows. As for the past Discourses, and 
particulatly in this last, of the reason of the Ebbing and Flowing of the Sea, I do 
not, to speak the truth, very well apprehend the same, but by that slight Idea, 
what ever it be, that I have formed thereof to my self, I confesse that your 
conceit seemeth to me far more ingenuous than any of all those that I ever heard 
besides, but yet neverthelesse I esteem it not true and concluding: but keeping 
alwayes before the eyes of my mind a solid Doctrine that I have learn’t from a 
most learned and ingenuous person, and with which it is necessary to sit down; I 
know that both you being asked, Whether God, by his infinite Power and 


Wisdome might confer upon the Element of Water the reciprocal motion which 
we observe in the same in any other way, than by making the containing Vessel 
to move; I know, I say, that you will answer, that he might, and knew how to 
have done the same many wayes, and those unimaginable to our shallow 
understanding: upon which I forthwith conclude, that this being granted, it 
would be an extravagant boldnesse for any one to goe about to limit and confine 
the Divine Power and Wisdome to some one particular conjecture of his own. 


SALV. 


This of yours is admirable, and truly Angelical Doctrine, to which very exactly 
that other accords, in like manner divine, which whilst it giveth us leave to 
dispute, touching the constitution of the World, addeth withall (perhaps to the 
end, that the exercise of the minds of men might neither be discouraged, nor 
made bold) that we cannot find out the works made by his hands. Let therefore 
the Disquisition permitted and ordain’d us by God, assist us in the knowing, and 
so much more admiring his greatnesse, by how much lesse we finde our selves 
too dull to penetrate the profound Abysses of his infinite Wisdome. 


SAGR. 


And this may serve for a final close of our four dayes Disputations, after which, 
if it seem good to Salviatus, to take some time to rest himself, our curiosity must, 
of necessity, grant him the same, yet upon condition, that when it is lesse 
incommodious for him, he will return and satisfie my desire in particular 
concerning the Problemes that remain to be discust, and that I have set down to 
be propounded at one or two other Conferences, according to our agreement: and 
above all, I shall very impatiently wait to hear the Elements of the new Science 
of our Academick about the natural and violent local Motions. And in the mean 
time, we may, according to our custome, spend an hour in taking the Air in the 
Gondola that waiteth for us. 


FINIS. 


DISCOURSES AND MATHEMATICAL 
DEMONSTRATIONS RELATING TO TWO NEW 
SCIENCES 
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Translated by Henry Crew and Alfonso de Salvio 


The Discourses and Mathematical Demonstrations Relating to Two New 
Sciences was first published in Italian as Discorsi e Dimostrazioni Matematiche 
Intorno a Due Nuove Scienze in 1638 (see Figure 1). But the circumstances of 
its publication were complex. Galileo, after the judgment of the Inquisition, was 
under house arrest (which, ironically, had given him more time to write). 
Moreover, publication of his books was banned in Catholic countries, by 1638 
he was completely blind, and his health was deteriorating. However, a visit to 
Venice from Louis Elsevier, from the protestant Netherlands, led to the book 
being published in Leiden. It was dedicated to the Comte de Noailles, who was 
instrumental in getting the manuscript from Italy to the Netherlands. “I had 
decided not to publish any more of my work. And yet, in order to save it from 
complete oblivion, it seemed to me wise to leave a manuscript copy in some 
place where it would be available at least to those who follow intelligently the 
subjects which I have treated. Accordingly I chose first to place my work in 
your Lordship’s hands, asking no more worthy depository, and believing that, on 
account of your affection for me, you would have at heart the preservation of my 
studies and labours. Therefore, when you were returning home from your 
mission to Rome, I came to pay my respects in person as I had already done 
many times before by letter. At this meeting, I presented to your Lordship a copy 
of these two works which at that time I happened to have ready. In the gracious 
reception which you gave these, I found assurance of their preservation. The 
fact of your carrying them to France and showing them to friends of yours who 
are skilled in these sciences gave evidence that my silence was not to be 
interpreted as complete idleness. A little later, just as I was on the point of 
sending other copies to Germany, Flanders, England, Spain and possibly to some 
places in Italy, I was notified by the Elzevirs that they had these works of mine 
in press and that I ought to decide upon a dedication.” 

Two New Sciences, as it became popularly known, was to be Galileo’s final, 
and arguably most important, book. Appropriately, it discussed his key works 


over the previous four decades. Galileo did not like the published title of the 
book, preferring the more academic “Dialogues on Motion”, but he was given 
little choice by the publisher. The two new sciences discussed in the book are the 
mechanical strength of materials (including bone, laying foundations for modern 
biology) and kinematics. The clarity and rigour of his arguments, and his 
reliance on reproducible experimental data (made with the aid of a classical 
water clock), led to Einstein stating that “Propositions arrived at by purely 
logical means are completely empty as regards reality. Because Galileo realised 
this, and particularly because he drummed it into the scientific world, he is the 
father of modern physics — indeed, of modern science altogether”. 

The book was constructed in a similar style to the earlier volume, The 
Dialogue Concerning the Two Chief World Systems. Galileo even used the same 
three proponents, (Salviati, Sagredo, and Simplicio, although now more mature 
and nuanced) to discuss, over four days, the key topics (see Figure 2) — but now 
they are all clearly Galileo at different times of his life (Simplicio being his 
youngest self, and Salviati being the most mature). Topics discussed include a 
discussion of the concept of infinity, and detailed experimental and 
mathematical descriptions of bodies in motion, which anticipate the later work of 
Newton (who was born in the year that Galileo died, 1642). This book has to be 
one of the most important works of science ever published. 

As a postscript, Pope John Paul II stated, in 1979, that the Church may have 
been in error when it condemned Galileo. Four years later, his commission 
reported that Galileo should not have been condemned, and in 1992, the Pope 
endorsed the commission’s conclusion. Better late than never! 
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Translators’ Preface 


“La Dynamique est la science des forces accélératrices or retardatrices, et des 
mouvemens variés qu’elles doivent produire. Cette science est due entièrement 
aux modernes, et Galilée est celui qui en a jeté les premiers fondemens.” 

Lagrange Mec. Anal. I. 221. 

FOR more than a century English speaking students have been placed in the 
anomalous position of hearing Galileo constantly referred to as the founder of 
modern physical science, without having any chance to read, in their own 
language, what Galileo himself has to say. Archimedes has been made available 
by Heath; Huygens’ Light has been turned into English by Thompson, while 
Motte has put the Principia of Newton back into the language in which it was 
conceived. To render the Physics of Galileo also accessible to English and 
American students is the purpose of the following translation. 

The last of the great creators of the Renaissance was not a prophet without 
honor in his own time; for it was only one group of his country-men that failed 
to appreciate him. Even during his life time, his Mechanics had been rendered 
into French by one of the leading physicists of the world, Mersenne. 

Within twenty-five years after the death of Galileo, his Dialogues on 
Astronomy, and those on Two New Sciences, had been done into English by 
Thomas Salusbury and were worthily printed in two handsome quarto volumes. 
The Two New Sciences, which contains practically all that Galileo has to say on 
the subject of physics, issued from the English press in 1665. It is supposed that 
most of the copies were destroyed in the great London fire which occurred in the 
year following. We are not aware of any copy in America: even that belonging 
to the British Museum is an imperfect one. 

Again in 1730 the Two New Sciences was done into English by Thomas 
Weston; but this book, now nearly two centuries old, is scarce and expensive. 
Moreover, the literalness with which this translation was made renders many 
passages either ambiguous or unintelligible to the modern reader. Other than 
these two, no English version has been made. 

Quite recently an eminent Italian scholar, after spending thirty of the best 
years of his life upon the subject, has brought to completion the great National 
Edition of the Works of Galileo. We refer to the twenty superb volumes in which 
Professor Antonio Favaro of Padua has given a definitive presentation of the 
labors of the man who created the modern science of physics. 


The following rendition includes neither Le Mechaniche of Galileo nor his 
paper De Motu Accelerato, since the former of these contains little but the 
Statics which was current before the time of Galileo, and the latter is essentially 
included in the Dialogue of the Third Day. Dynamics was the one subject to 
which under various forms, such as Ballistics, Acoustics, Astronomy, he 
consistently and persistently devoted his whole life. Into the one volume here 
translated he seems to have gathered, during his last years, practically all that is 
of value either to the engineer or the physicist. The historian, the philosopher, 
and the astronomer will find the other volumes replete with interesting material. 

It is hardly necessary to add that we have strictly followed the text of the 
National Edition — essentially the Elzevir edition of 1638. All comments and 
annotations have been omitted save here and there a footnote intended to 
economize the reader’s time. To each of these footnotes has been attached the 
signature [Trans.] in order to preserve the original as nearly intact as possible. 

Much of the value of any historical document lies in the language employed, 
and this is doubly true when one attempts to trace the rise and growth of any set 
of concepts such as those employed in modern physics. We have therefore made 
this translation as literal as is consistent with clearness and modernity. In cases 
where there is any important deviation from this rule, and in the case of many 
technical terms where there is no deviation from it, we have given the original 
Italian or Latin phrase in italics enclosed in square brackets. The intention here is 
to illustrate the great variety of terms employed by the early physicists to 
describe a single definite idea, and conversely, to illustrate the numerous senses 
in which, then as now, a single word is used. For the few explanatory English 
words which are placed in square brackets without italics, the translators alone 
are responsible. The paging of the National Edition is indicated in square 
brackets inserted along the median line of the page. 

The imperfections of the following pages would have been many more but for 
the aid of three of our colleagues. Professor D. R. Curtiss was kind enough to 
assist in the translation of those pages which discuss the nature of Infinity: 
Professor O. H. Basquin gave valuable help in the rendition of the chapter on 
Strength of Materials; and Professor O. F. Long cleared up the meaning of a 
number of Latin phrases. 

To Professor A. Favaro of the University of Padua the translators share, with 
every reader, a feeling of sincere obligation for his Introduction. 

H.C. 

A. deS. 

Evanston, Illinois, 15 February, 1914. 


Introduction 


WRITING to his faithful friend Elia Diodati, Galileo speaks of the “New 
Sciences” which he had in mind to print as being “superior to everything else of 
mine hitherto published”; elsewhere he says “they contain results which I 
consider the most important of all my studies”; and this opinion which he 
expressed concerning his own work has been confirmed by posterity: the “New 
Sciences” are, indeed, the masterpiece of Galileo who at the time when he made 
the above remarks had spent upon them more than thirty laborious years. 

One who wishes to trace the history of this remarkable work will find that the 
great philosopher laid its foundations during the eighteen best years of his life — 
those which he spent at Padua. As we learn from his last scholar, Vincenzio 
Viviani, the numerous results at which Galileo had arrived while in this city, 
awakened intense admiration in the friends who had witnessed various 
experiments by means of which he was accustomed to investigate interesting 
questions in physics. Fra Paolo Sarpi exclaimed: To give us the Science of 
Motion, God and Nature have joined hands and created the intellect of Galileo. 
And when the “New Sciences” came from the press one of his foremost pupils, 
Paolo Aproino, wrote that the volume contained much which he had “already 
heard from his own lips” during student days at Padua. 

Limiting ourselves to only the more important documents which might be 
cited in support of our statement, it will suffice to mention the letter, written to 
Guidobaldo del Monte on the 29th of November, 1602, concerning the descent 
of heavy bodies along the arcs of circles and the chords subtended by them; that 
to Sarpi, dated 16th of October, 1604, dealing with the free fall of heavy bodies; 
the letter to Antonio de’ Medici on the 11th of February, 1609, in which he 
states that he has “completed all the theorems and demonstrations pertaining to 
forces and resistances of beams of various lengths, thicknesses and shapes, 
proving that they are weaker at the middle than near the ends, that they can carry 
a greater load when that load is distributed throughout the length of the beam 
than when concentrated at one point, demonstrating also what shape should be 
given to a beam in order that it may have the same bending strength at every 
point,” and that he was now engaged “upon some questions dealing with the 
motion of projectiles”; and finally in the letter to Belisario Vinta, dated 7th of 
May, 1610, concerning his return from Padua to Florence, he enumerates various 
pieces of work which were still to be completed, mentioning explicitly three 
books on an entirely new science dealing with the theory of motion. Although at 


various times after the return to his native state he devoted considerable thought 
to the work which, even at that date, he had in mind as is shown by certain 
fragments which clearly belong to different periods of his life and which have, 
for the first time, been published in the National Edition; and although these 
studies were always uppermost in his thought it does not appear that he gave 
himself seriously to them until after the publication of the Dialogue and the 
completion of that trial which was rightly described as the disgrace of the 
century. In fact as late as October, 1630, he barely mentions to Aggiunti his 
discoveries in the theory of motion, and only two years later, in a letter to 
Marsili concerning the motion of projectiles, he hints at a book nearly ready for 
publication in which he will treat also of this subject; and only a year after this 
he writes to Arrighetti that he has in hand a treatise on the resistance of solids. 

But the work was given definite form by Galileo during his enforced 
residence at Siena: in these five months spent quietly with the Archbishop he 
himself writes that he has completed “a treatise on a new branch of mechanics 
full of interesting and useful ideas”; so that a few months later he was able to 
send word to Micanzio that the “work was ready”; as soon as his friends learned 
of this, they urged its publication. It was, however, no easy matter to print the 
work of a man already condemned by the Holy Office: and since Galileo could 
not hope to print it either in Florence or in Rome, he turned to the faithful 
Micanzio asking him to find out whether this would be possible in Venice, from 
whence he had received offers to print the Dialogue on the Principal Systems, as 
soon as the news had reached there that he was encountering difficulties. At first 
everything went smoothly; so that Galileo commenced sending to Micanzio 
some of the manuscript which was received by the latter with an enthusiasm in 
which he was second to none of the warmest admirers of the great philosopher. 
But when Micanzio consulted the Inquisitor, he received the answer that there 
was an express order prohibiting the printing or reprinting of any work of 
Galileo, either in Venice or in any other place, nullo excepto. 

As soon as Galileo received this discouraging news he began to look with 
more favor upon offers which had come to him from Germany where his friend, 
and perhaps also his scholar, Giovanni Battista Pieroni, was in the service of the 
Emperor, as military engineer; consequently Galileo gave to Prince Mattia de’ 
Medici who was just leaving for Germany the first two Dialogues to be handed 
to Pieroni who was undecided whether to publish them at Vienna or Prague or at 
some place in Moravia; in the meantime, however, he had obtained permission 
to print both at Vienna and at Olmiitz. But Galileo recognized danger at every 
point within reach of the long arm of the Court of Rome; hence, availing himself 
of the opportunity offered by the arrival of Louis Elzevir in Italy in 1636, also of 


the friendship between the latter and Micanzio, not to mention a visit at Arcetri, 
he decided to abandon all other plans and entrust to the Dutch publisher the 
printing of his new work the manuscript of which, although not complete, 
Elzevir took with him on his return home. 

In the course of the year 1637, the printing was finished, and at the beginning 
of the following year there was lacking only the index, the title-page and the 
dedication. This last had, through the good offices of Diodati, been offered to the 
Count of Noailles, a former scholar of Galileo at Padua, and since 1634 
ambassador of France at Rome, a man who did much to alleviate the distressing 
consequences of the celebrated trial; and the offer was gratefully accepted. The 
phrasing of the dedication deserves brief comment. Since Galileo was aware, on 
the one hand, of the prohibition against the printing of his works and since, on 
the other hand, he did not wish to irritate the Court of Rome from whose hands 
he was always hoping for complete freedom, he pretends in the dedicatory letter 
(where, probably through excess of caution, he gives only main outlines) that he 
had nothing to do with the printing of his book, asserting that he will never again 
publish any of his researches, and will at most distribute here and there a 
manuscript copy. He even expresses great surprise that his new Dialogues have 
fallen into the hands of the Elzevirs and were soon to be published; so that, 
having been asked to write a dedication, he could think of no man more worthy 
who could also on this occasion defend him against his enemies. 

As to the title which reads: Discourses and Mathematical Demonstrations 
concerning Two New Sciences pertaining to Mechanics and Local Motions, this 
only is known, namely, that the title is not the one which Galileo had devised 
and suggested; in fact he protested against the publishers taking the liberty of 
changing it and substituting “a low and common title for the noble and dignified 
one carried upon the title-page.” 

In reprinting this work in the National Edition, I have followed the Leyden 
text of 1638 faithfully but not slavishly, because I wished to utilize the large 
amount of manuscript material which has come down to us, for the purpose of 
correcting a considerable number of errors in this first edition, and also for the 
sake of inserting certain additions desired by the author himself. In the Leyden 
Edition, the four Dialogues are followed by an “Appendix containing some 
theorems and their proofs, dealing with centers of gravity of solid bodies, written 
by the same Author at an earlier date,” which has no immediate connection with 
the subjects treated in the Dialogues; these theorems were found by Galileo, as 
he tells us, “at the age of twenty-two and after two years study of geometry” and 
were here inserted only to save them from oblivion. 


But it was not the intention of Galileo that the Dialogues on the New Sciences 
should contain only the four Days and the above-mentioned appendix which 
constitute the Leyden Edition; while, on the one hand, the Elzevirs were 
hastening the printing and striving to complete it at the earliest possible date, 
Galileo, on the other hand, kept on speaking of another Day, besides the four, 
thus embarrassing and perplexing the printers. From the correspondence which 
went on between author and publisher, it appears that this Fifth Day was to have 
treated “of the force of percussion and the use of the catenary”; but as the 
typographical work approached completion, the printer became anxious for the 
book to issue from the press without further delay; and thus it came to pass that 
the Discorsi e Dimostrazioni appeared containing only the four Days and the 
Appendix, in spite of the fact that in April, 1638, Galileo had plunged more 
deeply than ever “into the profound question of percussion” and “had almost 
reached a complete solution.” 

The “New Sciences” now appear in an edition following the text which I, 
after the most careful and devoted study, determined upon for the National 
Edition. It appears also in that language in which, above all others, I have 
desired to see it. In this translation, the last and ripest work of the great 
philosopher makes its first appearance in the New World: if toward this 
important result I may hope to have contributed in some measure I shall feel 
amply rewarded for having given to this field of research the best years of my 
life. 

Antonio Favaro. 

University of Padua, 

27th of October, 1913. 


To the Most Illustrious Lord Count of Noailles 


Counsellor of his Most Christian Majesty, Knight of the Order of the Holy 
Ghost, Field Marshal and Commander, Seneschal and Governor of Rouergue, 
and His Majesty’s Lieutenant in Auvergne, my Lord and Worshipful Patron 
MOST ILLUSTRIOUS LORD: — In the pleasure which you derive from the 
possession of this work of mine I recognize your Lordship’s magnanimity. The 
disappointment and discouragement I have felt over the ill-fortune which has 
followed my other books are already known to you. Indeed, I had decided not to 
publish any more of my work. And yet in order to save it from complete 
oblivion, it seemed to me wise to leave a manuscript copy in some place where it 
would be available at least to those who follow intelligently the subjects which I 
have treated. Accordingly I chose first to place my work in your Lordship’s 
hands, asking no more worthy depository, and believing that, on account of your 
affection for me, you would have at heart the preservation of my studies and 
labors. Therefore, when you were returning home from your mission to Rome, I 
came to pay my respects in person as I had already done many times before by 
letter. At this meeting I presented to your Lordship a copy of these two works 
which at that time I happened to have ready. In the gracious reception which you 
gave these I found assurance of their preservation. The fact of your carrying 
them to France and showing them to friends of yours who are skilled in these 
sciences gave evidence that my silence was not to be interpreted as complete 
idleness. A little later, just as I was on the point of sending other copies to 
Germany, Flanders, England, Spain and possibly to some places in Italy, I was 
notified by the Elzevirs that they had these works of mine in press and that I 
ought to decide upon a dedication and send them a reply at once. This sudden 
and unexpected news led me to think that the eagerness of your Lordship to 
revive and spread my name by passing these works on to various friends was the 
real cause of their falling into the hands of printers who, because they had 
already published other works of mine, now wished to honor me with a beautiful 
and ornate edition of this work. But these writings of mine must have received 
additional value from the criticism of so excellent a judge as your Lordship, who 
by the union of many virtues has won the admiration of all. Your desire to 
enlarge the renown of my work shows your unparalleled generosity and your 
zeal for the public welfare which you thought would thus be promoted. Under 
these circumstances it is eminently fitting that I should, in unmistakable terms, 
gratefully acknowledge this generosity on the part of your Lordship, who has 


given to my fame wings that have carried it into regions more distant than I had 
dared to hope. It is, therefore, proper that I dedicate to your Lordship this child 
of my brain. To this course I am constrained not only by the weight of obligation 
under which you have placed me, but also, if I may so speak, by the interest 
which I have in securing your Lordship as the defender of my reputation against 
adversaries who may attack it while I remain under your protection. 

And now, advancing under your banner, I pay my respects to you by wishing 
that you may be rewarded for these kindnesses by the achievement of the highest 
happiness and greatness. 

I am your Lordship’s Most devoted Servant, Galileo Galilei. 

Arcetri, 6 March, 1638. 


The Publisher to the Reader 


SINCE society is held together by the mutual services which men render one to 
another, and since to this end the arts and sciences have largely contributed, 
investigations in these fields have always been held in great esteem and have 
been highly regarded by our wise forefathers. The larger the utility and 
excellence of the inventions, the greater has been the honor and praise bestowed 
upon the inventors. Indeed, men have even deified them and have united in the 
attempt to perpetuate the memory of their benefactors by the bestowal of this 
supreme honor. 

Praise and admiration are likewise due to those clever intellects who, 
confining their attention to the known, have discovered and corrected fallacies 
and errors in many and many a proposition enunciated by men of distinction and 
accepted for ages as fact. Although these men have only pointed out falsehood 
and have not replaced it by truth, they are nevertheless worthy of commendation 
when we consider the well-known difficulty of discovering fact, a difficulty 
which led the prince of orators to exclaim: Utinam tam facile possem vera 
reperire, quam falsa convincere.* And indeed, these latest centuries merit this 
praise because it is during them that the arts and sciences, discovered by the 
ancients, have been reduced to so great and constantly increasing perfection 
through the investigations and experiments of clear-seeing minds. This 
development is particularly evident in the case of the mathematical sciences. 
Here, without mentioning various men who have achieved success, we must 
without hesitation and with the unanimous approval of scholars assign the first 
place to Galileo Galilei, Member of the Academy of the Lincei. This he deserves 
not only because he has effectively demonstrated fallacies in many of our current 
conclusions, as is amply shown by his published works, but also because by 
means of the telescope (invented in this country but greatly perfected by him) he 
has discovered the four satellites of Jupiter, has shown us the true character of 
the Milky Way, and has made us acquainted with spots on the Sun, with the 
rough and cloudy portions of the lunar surface, with the threefold nature of 
Saturn, with the phases of Venus and with the physical character of comets. 
These matters were entirely unknown to the ancient astronomers and 
philosophers; so that we may truly say that he has restored to the world the 
science of astronomy and has presented it in a new light. 


2 Cicero. de Natura Deorum, I, 91. [Trans.] 


Remembering that the wisdom and power and goodness of the Creator are 
nowhere exhibited so well as in the heavens and celestial bodies, we can easily 
recognize the great merit of him who has brought these bodies to our knowledge 
and has, in spite of their almost infinite distance, rendered them easily visible. 
For, according to the common saying, sight can teach more and with greater 
certainty in a single day than can precept even though repeated a thousand times; 
or, as another says, intuitive knowledge keeps pace with accurate definition. 

But the divine and natural gifts of this man are shown to best advantage in the 
present work where he is seen to have discovered, though not without many 
labors and long vigils, two entirely new sciences and to have demonstrated them 
in a rigid, that is, geometric, manner: and what is even more remarkable in this 
work is the fact that one of the two sciences deals with a subject of never-ending 
interest, perhaps the most important in nature, one which has engaged the minds 
of all the great philosophers and one concerning which an extraordinary number 
of books have been written. I refer to motion [moto locale], a phenomenon 
exhibiting very many wonderful properties, none of which has hitherto been 
discovered or demonstrated by any one. The other science which he has also 
developed from its very foundations deals with the resistance which solid bodies 
offer to fracture by external forces [per violenza], a subject of great utility, 
especially in the sciences and mechanical arts, and one also abounding in 
properties and theorems not hitherto observed. 

In this volume one finds the first treatment of these two sciences, full of 
propositions to which, as time goes on, able thinkers will add many more; also 
by means of a large number of clear demonstrations the author points the way to 
many other theorems as will be readily seen and understood by all intelligent 
readers. 


First Day 


Interlocutors: Salviati, Sagredo and Simplicio 


Salv. The constant activity which you Venetians display in your famous arsenal 
suggests to the studious mind a large field for investigation, especially that part 
of the work which involves mechanics; for in this department all types of 
instruments and machines are constantly being constructed by many artisans, 
among whom there must be some who, partly by inherited experience and partly 
by their own observations, have become highly expert and clever in explanation. 


Sagr. You are quite right. Indeed, I myself, being curious by nature, frequently 
visit this place for the mere pleasure of observing the work of those who, on 
account of their superiority over other artisans, we call “first rank men.” 
Conference with them has often helped me in the investigation of certain effects 
including not only those which are striking, but also those which are recondite 
and almost incredible. At times also I have been put to confusion and driven to 
despair of ever explaining something for which I could not account, but which 
my senses told me to be true. And notwithstanding the fact that what the old man 
told us a little while ago is proverbial and commonly accepted, yet it seemed to 
me altogether false, like many another saying which is current among the 
ignorant; for I think they introduce these expressions in order to give the 
appearance of knowing something about matters which they do not understand. 

You refer, perhaps, to that last remark of his when we asked the reason why 
they employed stocks, scaffolding and bracing of larger dimensions for 
launching a big vessel than they do for a small one; and he answered that they 
did this in order to avoid the danger of the ship parting under its own heavy 
weight [vasta mole], a danger to which small boats are not subject? 


Sagr. Yes, that is what I mean; and I refer especially to his last assertion which I 
have always regarded as a false, though current, opinion; namely, that in 
speaking of these and other similar machines one cannot argue from the small to 
the large, because many devices which succeed on a small scale do not work on 
a large scale. Now, since mechanics has its foundation in geometry, where mere 
size cuts no figure, I do not see that the properties of circles, triangles, cylinders, 
cones and other solid figures will change with their size. If, therefore, a large 
machine be constructed in such a way that its parts bear to one another the same 


ratio as in a smaller one, and if the smaller is sufficiently strong for the purpose 
for which it was designed, I do not see why the larger also should not be able to 
withstand any severe and destructive tests to which it may be subjected. 


Salv. The common opinion is here absolutely wrong. Indeed, it is so far wrong 
that precisely the opposite is true, namely, that many machines can be 
constructed even more perfectly on a large scale than on a small; thus, for 
instance, a clock which indicates and strikes the hour can be made more accurate 
on a large scale than on a small. There are some intelligent people who maintain 
this same opinion, but on more reasonable grounds, when they cut loose from 
geometry and argue that the better performance of the large machine is owing to 
the imperfections and variations of the material. Here I trust you will not charge 
me with arrogance if I say that imperfections in the material, even those which 
are great enough to invalidate the clearest mathematical proof, are not sufficient 
to explain the deviations observed between machines in the concrete and in the 
abstract. Yet I shall say it and will affirm that, even if the imperfections did not 
exist and matter were absolutely perfect, unalterable and free from all accidental 
variations, still the mere fact that it is matter makes the larger machine, built of 
the same material and in the same proportion as the smaller, correspond with 
exactness to the smaller in every respect except that it will not be so strong or so 
resistant against violent treatment; the larger the machine, the greater its 
weakness. Since I assume matter to be unchangeable and always the same, it is 
clear that we are no less able to treat this constant and invariable property in a 
rigid manner than if it belonged to simple and pure mathematics. Therefore, 
Sagredo, you would do well to change the opinion which you, and perhaps also 
many other students of mechanics, have entertained concerning the ability of 
machines and structures to resist external disturbances, thinking that when they 
are built of the same material and maintain the same ratio between parts, they are 
able equally, or rather proportionally, to resist or yield to such external 
disturbances and blows. For we can demonstrate by geometry that the large 
machine is not proportionately stronger than the small. Finally, we may say that, 
for every machine and structure, whether artificial or natural, there is set a 
necessary limit beyond which neither art nor nature can pass; it is here 
understood, of course, that the material is the same and the proportion preserved. 


Sagr. My brain already reels. My mind, like a cloud momentarily illuminated by 
a lightning-flash, is for an instant filled with an unusual light, which now 
beckons to me and which now suddenly mingles and obscures strange, crude 
ideas. From what you have said it appears to me impossible to build two similar 


structures of the same material, but of different sizes and have them 
proportionately strong; and if this were so, it would not be possible to find two 
single poles made of the same wood which shall be alike in strength and 
resistance but unlike in size. 


Salv. So it is, Sagredo. And to make sure that we understand each other, I say 
that if we take a wooden rod of a certain length and size, fitted, say, into a wall 
at right angles, i. e., parallel to the horizon, it may be reduced to such a length 
that it will just support itself; so that if a hair’s breadth be added to its length it 
will break under its own weight and will be the only rod of the kind in the 
world.’ Thus if, for instance, its length be a hundred times its breadth, you will 
not be able to find another rod whose length is also a hundred times its breadth 
and which, like the former, is just able to sustain its own weight and no more: all 
the larger ones will break while all the shorter ones will be strong enough to 
support something more than their own weight. And this which I have said about 
the ability to support itself must be understood to apply also to other tests; so 
that if a piece of scantling [corrente] will carry the weight of ten similar to itself, 
a beam [trave] having the same proportions will not be able to support ten 
similar beams. 


3 The author here apparently means that the solution is unique. [Trans. ] 


Please observe, gentlemen, how facts which at first seem improbable will, 
even on scant explanation, drop the cloak which has hidden them and stand forth 
in naked and simple beauty. Who does not know that a horse falling from a 
height of three or four cubits will break his bones, while a dog falling from the 
same height or a cat from a height of eight or ten cubits will suffer no injury? 
Equally harmless would be the fall of a grasshopper from a tower or the fall of 
an ant from the distance of the moon. Do not children fall with impunity from 
heights which would cost their elders a broken leg or perhaps a fractured skull? 
And just as smaller animals are proportionately stronger and more robust than 
the larger, so also smaller plants are able to stand up better than larger. I am 
certain you both know that an oak two hundred cubits [braccia] high would not 
be able to sustain its own branches if they were distributed as in a tree of 
ordinary size; and that nature cannot produce a horse as large as twenty ordinary 
horses or a giant ten times taller than an ordinary man unless by miracle or by 
greatly altering the proportions of his limbs and especially of his bones, which 
would have to be considerably enlarged over the ordinary. Likewise the current 
belief that, in the case of artificial machines the very large and the small are 


equally feasible and lasting is a manifest error. Thus, for example, a small 
obelisk or column or other solid figure can certainly be laid down or set up 
without danger of breaking, while the very large ones will go to pieces under the 
slightest provocation, and that purely on account of their own weight. And here I 
must relate a circumstance which is worthy of your attention as indeed are all 
events which happen contrary to expectation, especially when a precautionary 
measure turns out to be a cause of disaster. A large marble column was laid out 
so that its two ends rested each upon a piece of beam; a little later it occurred to 
a mechanic that, in order to be doubly sure of its not breaking in the middle by 
its own weight, it would be wise to lay a third support midway; this seemed to 
all an excellent idea; but the sequel showed that it was quite the opposite, for not 
many months passed before the column was found cracked and broken exactly 
above the new middle support. 


Simp. A very remarkable and thoroughly unexpected accident, especially if 
caused by placing that new support in the middle. 


Salv. Surely this is the explanation, and the moment the cause is known our 
surprise vanishes; for when the two pieces of the column were placed on level 
ground it was observed that one of the end beams had, after a long while, 
become decayed and sunken, but that the middle one remained hard and strong, 
thus causing one half of the column to project in the air without any support. 
Under these circumstances the body therefore behaved differently from what it 
would have done if supported only upon the first beams; because no matter how 
much they might have sunken the column would have gone with them. This is an 
accident which could not possibly have happened to a small column, even 
though made of the same stone and having a length corresponding to its 
thickness, i. e., preserving the ratio between thickness and length found in the 
large pillar. 


Sagr. I am quite convinced of the facts of the case, but I do not understand why 
the strength and resistance are not multiplied in the same proportion as the 
material; and I am the more puzzled because, on the contrary, I have noticed in 
other cases that the strength and resistance against breaking increase in a larger 
ratio than the amount of material. Thus, for instance, if two nails be driven into a 
wall, the one which is twice as big as the other will support not only twice as 
much weight as the other, but three or four times as much. 

Salv. Indeed you will not be far wrong if you say eight times as much; nor does 
this phenomenon contradict the other even though in appearance they seem so 


different. 


Sagr. Will you not then, Salviati, remove these difficulties and clear away these 
obscurities if possible: for I imagine that this problem of resistance opens up a 
field of beautiful and useful ideas; and if you are pleased to make this the subject 
of to-day’s discourse you will place Simplicio and me under many obligations. 


Salv. I am at your service if only I can call to mind what I learned from our 
Academician™ who had thought much upon this subject and according to his 
custom had demonstrated everything by geometrical methods so that one might 
fairly call this a new science. For, although some of his conclusions had been 
reached by others, first of all by Aristotle, these are not the most beautiful and, 
what is more important, they had not been proven in a rigid manner from 
fundamental principles. Now, since I wish to convince you by demonstrative 
reasoning rather than to persuade you by mere probabilities, I shall suppose that 
you are familiar with present-day mechanics so far as it is needed in our 
discussion. First of all it is necessary to consider what happens when a piece of 
wood or any other solid which coheres firmly is broken; for this is the 
fundamental fact, involving the first and simple principle which we must take for 
granted as well known. 


41. e, Galileo: The author frequently refers to himself under this name. [Trans.] 


To grasp this more clearly, imagine a cylinder or prism, AB, made of wood or 
other solid coherent material. Fasten the upper end, A, so that the cylinder hangs 
vertically. To the lower end, B, attach the weight C. It is clear that however great 
they may be, the tenacity and coherence [tenacità e coerenza] between the parts 
of this solid, so long as they are not infinite, can be overcome by the pull of the 
weight C, a weight which can be increased indefinitely until finally the solid 
breaks like a rope. And as in the case of the rope whose strength we know to be 
derived from a multitude of hemp threads which compose it, so in the case of the 
wood, we observe its fibres and filaments run lengthwise and render it much 
stronger than a hemp rope of the same thickness. But in the case of a stone or 
metallic cylinder where the coherence seems to be still greater the cement which 
holds the parts together must be something other than filaments and fibres; and 
yet even this can be broken by a strong pull. 


Simp. If this matter be as you say I can well understand that the fibres of the 
wood, being as long as the piece of wood itself, render it strong and resistant 


against large forces tending to break it. But how can one make a rope one 
hundred cubits long out of hempen fibres which are not more than two or three 
cubits long, and still give it so much strength? Besides, I should be glad to hear 
your opinion as to the manner in which the parts of metal, stone, and other 
materials not showing a filamentous structure are put together; for, if I mistake 
not, they exhibit even greater tenacity. 





Fig. 1 


Salv. To solve the problems which you raise it will be necessary to make a 
digression into subjects which have little bearing upon our present purpose. 


Sagr. But if, by digressions, we can reach new truth, what harm is there in 
making one now, so that we may not lose this knowledge, remembering that 
such an opportunity, once omitted, may not return; remembering also that we are 
not tied down to a fixed and brief method but that we meet solely for our own 
entertainment? Indeed, who knows but that we may thus frequently discover 
something more interesting and beautiful than the solution originally sought? I 


beg of you, therefore, to grant the request of Simplicio, which is also mine; for I 
am no less curious and desirous than he to learn what is the binding material 
which holds together the parts of solids so that they can scarcely be separated. 
This information is also needed to understand the coherence of the parts of fibres 
themselves of which some solids are built up. 


Salv. I am at your service, since you desire it. The first question is, How are 
fibres, each not more than two or three cubits in length, so tightly bound together 
in the case of a rope one hundred cubits long that great force [violenza] is 
required to break it? 

Now tell me, Simplicio, can you not hold a hempen fibre so tightly between 
your fingers that I, pulling by the other end, would break it before drawing it 
away from you? Certainly you can. And now when the fibres of hemp are held 
not only at the ends, but are grasped by the surrounding medium throughout their 
entire length is it not manifestly more difficult to tear them loose from what 
holds them than to break them? But in the case of the rope the very act of 
twisting causes the threads to bind one another in such a way that when the rope 
is stretched with a great force the fibres break rather than separate from each 
other. 

At the point where a rope parts the fibres are, as everyone knows, very short, 
nothing like a cubit long, as they would be if the parting of the rope occurred, 
not by the breaking of the filaments, but by their slipping one over the other. 


Sagr. In confirmation of this it may be remarked that ropes sometimes break not 
by a lengthwise pull but by excessive twisting. This, it seems to me, is a 
conclusive argument because the threads bind one another so tightly that the 
compressing fibres do not permit those which are compressed to lengthen the 
spirals even that little bit by which it is necessary for them to lengthen in order to 
surround the rope which, on twisting, grows shorter and thicker. 


Salv. You are quite right. Now see how one fact suggests another. The thread 
held between the fingers does not yield to one who wishes to draw it away even 
when pulled with considerable force, but resists because it is held back by a 
double compression, seeing that the upper finger presses against the lower as 
hard as the lower against the upper. Now, if we could retain only one of these 
pressures there is no doubt that only half the original resistance would remain; 
but since we are not able, by lifting, say, the upper finger, to remove one of these 
pressures without also removing the other, it becomes necessary to preserve one 
of them by means of a new device which causes the thread to press itself against 


the finger or against some other solid body upon which it rests; and thus it is 
brought about that the very force which pulls it in order to snatch it away 
compresses it more and more as the pull increases. This is accomplished by 
wrapping the thread around the solid in the manner of a spiral; and will be better 
understood by means of a figure. Let AB and CD be two cylinders between 
which is stretched the thread EF: and for the sake of greater clearness we will 
imagine it to be a small cord. If these two cylinders be pressed strongly together, 
the cord EF, when drawn by the end F, will undoubtedly stand a considerable 
pull before it slips between the two compressing solids. But if we remove one of 
these cylinders the cord, though remaining in contact with the other, will not 
thereby be prevented from slipping freely. On the other hand, if one holds the 
cord loosely against the top of the cylinder A, winds it in the spiral form 
AFLOTR, and then pulls it by the end R, it is evident that the cord will begin to 
bind the cylinder; the greater the number of spirals the more tightly will the cord 
be pressed against the cylinder by any given pull. Thus as the number of turns 
increases, the line of contact becomes longer and in consequence more resistant; 
so that the cord slips and yields to the tractive force with increasing difficulty. 





Sagr. What you say has cleared up two points which I did not previously 
understand. One fact is how two, or at most three, turns of a rope around the axle 
of a windlass cannot only hold it fast, but can also prevent it from slipping when 
pulled by the immense force of the weight [forza del peso] which it sustains; and 
moreover how, by turning the windlass, this same axle, by mere friction of the 
rope around it, can wind up and lift huge stones while a mere boy is able to 
handle the slack of the rope. The other fact has to do with a simple but clever 
device, invented by a young kinsman of mine, for the purpose of descending 
from a window by means of a rope without lacerating the palms of his hands, as 
had happened to him shortly before and greatly to his discomfort. A small sketch 
will make this clear. He took a wooden cylinder, AB, about as thick as a walking 
stick and about one span long: on this he cut a spiral channel of about one turn 
and a half, and large enough to just receive the rope which he wished to use. 
Having introduced the rope at the end A and led it out again at the end B, he 
enclosed both the cylinder and the rope in a case of wood or tin, hinged along 


the side so that it could be easily opened and closed. After he had fastened the 
rope to a firm support above, he could, on grasping and squeezing the case with 
both hands, hang by his arms. The pressure on the rope, lying between the case 
and the cylinder, was such that he could, at will, either grasp the case more 
tightly and hold himself from slipping, or slacken his hold and descend as slowly 
as he wished. 





A truly ingenious device! I feel, however, that for a complete explanation 
other considerations might well enter; yet I must not now digress upon this 
particular topic since you are waiting to hear what I think about the breaking 
strength of other materials which, unlike ropes and most woods, do not show a 
filamentous structure. The coherence of these bodies is, in my estimation, 
produced by other causes which may be grouped under two heads. One is that 
much-talked-of repugnance which nature exhibits towards a vacuum; but this 
horror of a vacuum not being sufficient, it is necessary to introduce another 
cause in the form of a gluey or viscous substance which binds firmly together the 
component parts of the body. 


First I shall speak of the vacuum, demonstrating by definite experiment the 
quality and quantity of its force [virtu]. If you take two highly polished and 
smooth plates of marble, metal, or glass and place them face to face, one will 
slide over the other with the greatest ease, showing conclusively that there is 
nothing of a viscous nature between them. But when you attempt to separate 
them and keep them at a constant distance apart, you find the plates exhibit such 
a repugnance to separation that the upper one will carry the lower one with it and 
keep it lifted indefinitely, even when the latter is big and heavy. 

This experiment shows the aversion of nature for empty space, even during 
the brief moment required for the outside air to rush in and fill up the region 
between the two plates. It is also observed that if two plates are not thoroughly 
polished, their contact is imperfect so that when you attempt to separate them 
slowly the only resistance offered is that of weight; if, however, the pull be 
sudden, then the lower plate rises, but quickly falls back, having followed the 
upper plate only for that very short interval of time required for the expansion of 
the small amount of air remaining between the plates, in consequence of their 
not fitting, and for the entrance of the surrounding air. This resistance which is 
exhibited between the two plates is doubtless likewise present between the parts 
of a solid, and enters, at least in part, as a concomitant cause of their coherence. 

Allow me to interrupt you for a moment, please; for I want to speak of 
something which just occurs to me, namely, when I see how the lower plate 
follows the upper one and how rapidly it is lifted, I feel sure that, contrary to the 
opinion of many philosophers, including perhaps even Aristotle himself, motion 
in a vacuum is not instantaneous. If this were so the two plates mentioned above 
would separate without any resistance whatever, seeing that the same instant of 
time would suffice for their separation and for the surrounding medium to rush 
in and fill the vacuum between them. The fact that the lower plate follows the 
upper one allows us to infer, not only that motion in a vacuum is not 
instantaneous, but also that, between the two plates, a vacuum really exists, at 
least for a very short time, sufficient to allow the surrounding medium to rush in 
and fill the vacuum; for if there were no vacuum there would be no need of any 
motion in the medium. One must admit then that a vacuum is sometimes 
produced by violent motion [violenza] or contrary to the laws of nature, 
(although in my opinion nothing occurs contrary to nature except the impossible, 
and that never occurs). 

But here another difficulty arises. While experiment convinces me of the 
correctness of this conclusion, my mind is not entirely satisfied as to the cause to 
which this effect is to be attributed. For the separation of the plates precedes the 
formation of the vacuum which is produced as a consequence of this separation; 


and since it appears to me that, in the order of nature, the cause must precede the 
effect, even though it appears to follow in point of time, and since every positive 
effect must have a positive cause, I do not see how the adhesion of two plates 
and their resistance to separation — actual facts — can be referred to a vacuum 
as cause when this vacuum is yet to follow. According to the infallible maxim of 
the Philosopher, the non-existent can produce no effect. 


Simp. Seeing that you accept this axiom of Aristotle, I hardly think you will 
reject another excellent and reliable maxim of his, namely, Nature undertakes 
only that which happens without resistance; and in this saying, it appears to me, 
you will find the solution of your difficulty. Since nature abhors a vacuum, she 
prevents that from which a vacuum would follow as a necessary consequence. 
Thus it happens that nature prevents the separation of the two plates. 

Now admitting that what Simplicio says is an adequate solution of my 
difficulty, it seems to me, if I may be allowed to resume my former argument, 
that this very resistance to a vacuum ought to be sufficient to hold together the 
parts either of stone or of metal or the parts of any other solid which is knit 
together more strongly and which is more resistant to separation. If for one effect 
there be only one cause, or if, more being assigned, they can be reduced to one, 
then why is not this vacuum which really exists a sufficient cause for all kinds of 
resistance? 


Salv. I do not wish just now to enter this discussion as to whether the vacuum 
alone is sufficient to hold together the separate parts of a solid body; but I assure 
you that the vacuum which acts as a sufficient cause in the case of the two plates 
is not alone sufficient to bind together the parts of a solid cylinder of marble or 
metal which, when pulled violently, separates and divides. And now if I find a 
method of distinguishing this well known resistance, depending upon the 
vacuum, from every other kind which might increase the coherence, and if I 
show you that the aforesaid resistance alone is not nearly sufficient for such an 
effect, will you not grant that we are bound to introduce another cause? Help 
him, Simplicio, since he does not know what reply to make. 


Simp. Surely, Sagredo’s hesitation must be owing to another reason, for there 
can be no doubt concerning a conclusion which is at once so clear and logical. 


Sagr. You have guessed rightly, Simplicio. I was wondering whether, if a 
million of gold each year from Spain were not sufficient to pay the army, it 


might not be necessary to make provision other than small coin for the pay of the 
soldiers." 


° The bearing of this remark becomes clear on reading what Salviati says on p. 18 below. [Trans.] 


But go ahead, Salviati; assume that I admit your conclusion and show us your 
method of separating the action of the vacuum from other causes; and by 
measuring it show us how it is not sufficient to produce the effect in question. 


Salv. Your good angel assist you. I will tell you how to separate the force of the 
vacuum from the others, and afterwards how to measure it. For this purpose let 
us consider a continuous substance whose parts lack all resistance to separation 
except that derived from a vacuum, such as is the case with water, a fact fully 
demonstrated by our Academician in one of his treatises. Whenever a cylinder of 
water is subjected to a pull and offers a resistance to the separation of its parts 
this can be attributed to no other cause than the resistance of the vacuum. In 
order to try such an experiment I have invented a device which I can better 
explain by means of a sketch than by mere words. Let CABD represent the cross 
section of a cylinder either of metal or, preferably, of glass, hollow inside and 
accurately turned. Into this is introduced a perfectly fitting cylinder of wood, 
represented in cross section by EGHF, and capable of up-and-down motion. 
Through the middle of this cylinder is bored a hole to receive an iron wire, 
carrying a hook at the end K, while the upper end of the wire, I, is provided with 
a conical head. The wooden cylinder is countersunk at the top so as to receive, 
with a perfect fit, the conical head I of the wire, IK, when pulled down by the 
end K. 





Fig. 4 

Now insert the wooden cylinder EH in the hollow cylinder AD, so as not to 
touch the upper end of the latter but to leave free a space of two or three finger- 
breadths; this space is to be filled with water by holding the vessel with the 
mouth CD upwards, pushing down on the stopper EH, and at the same time 
keeping the conical head of the wire, I, away from the hollow portion of the 
wooden cylinder. The air is thus allowed to escape alongside the iron wire 
(which does not make a close fit) as soon as one presses down on the wooden 
stopper. The air having been allowed to escape and the iron wire having been 
drawn back so that it fits snugly against the conical depression in the wood, 
invert the vessel, bringing it mouth downwards, and hang on the hook K a vessel 
which can be filled with sand or any heavy material in quantity sufficient to 
finally separate the upper surface of the stopper, EF, from the lower surface of 
the water to which it was attached only by the resistance of the vacuum. Next 
weigh the stopper and wire together with the attached vessel and its contents; we 
shall then have the force of the vacuum [forza del vacuo]. If one attaches to a 
cylinder of marble or glass a weight which, together with the weight of the 


marble or glass itself, is just equal to the sum of the weights before mentioned, 
and if breaking occurs we shall then be justified in saying that the vacuum alone 
holds the parts of the marble and glass together; but if this weight does not 
suffice and if breaking occurs only after adding, say, four times this weight, we 
shall then be compelled to say that the vacuum furnishes only one fifth of the 
total resistance [resistenza]. 

Simp. No one can doubt the cleverness of the device; yet it presents many 
difficulties which make me doubt its reliability. For who will assure us that the 
air does not creep in between the glass and stopper even if it is well packed with 
tow or other yielding material? I question also whether oiling with wax or 
turpentine will suffice to make the cone, I, fit snugly on its seat. Besides, may 
not the parts of the water expand and dilate? Why may not the air or exhalations 
or some other more subtile substances penetrate the pores of the wood, or even 
of the glass itself? 


Salv. With great skill indeed has Simplicio laid before us the difficulties; and he 
has even partly suggested how to prevent the air from penetrating the wood or 
passing between the wood and the glass. But now let me point out that, as our 
experience increases, we shall learn whether or not these alleged difficulties 
really exist. For if, as is the case with air, water is by nature expansible, although 
only under severe treatment, we shall see the stopper descend; and if we put a 
small excavation in the upper part of the glass vessel, such as indicated by V, 
then the air or any other tenuous and gaseous substance, which might penetrate 
the pores of glass or wood, would pass through the water and collect in this 
receptacle V. But if these things do not happen we may rest assured that our 
experiment has been performed with proper caution; and we shall discover that 
water does not dilate and that glass does not allow any material, however 
tenuous, to penetrate it. 


Sagr. Thanks to this discussion, I have learned the cause of a certain effect 
which I have long wondered at and despaired of understanding. I once saw a 
cistern which had been provided with a pump under the mistaken impression that 
the water might thus be drawn with less effort or in greater quantity than by 
means of the ordinary bucket. The stock of the pump carried its sucker and valve 
in the upper part so that the water was lifted by attraction and not by a push as is 
the case with pumps in which the sucker is placed lower down. This pump 
worked perfectly so long as the water in the cistern stood above a certain level; 
but below this level the pump failed to work. When I first noticed this 
phenomenon I thought the machine was out of order; but the workman whom I 


called in to repair it told me the defect was not in the pump but in the water 
which had fallen too low to be raised through such a height; and he added that it 
was not possible, either by a pump or by any other machine working on the 
principle of attraction, to lift water a hair’s breadth above eighteen cubits; 
whether the pump be large or small this is the extreme limit of the lift. Up to this 
time I had been so thoughtless that, although I knew a rope, or rod of wood, or of 
iron, if sufficiently long, would break by its own weight when held by the upper 
end, it never occurred to me that the same thing would happen, only much more 
easily, to a column of water. And really is not that thing which is attracted in the 
pump a column of water attached at the upper end and stretched more and more 
until finally a point is reached where it breaks, like a rope, on account of its 
excessive weight? 


Salv. That is precisely the way it works; this fixed elevation of eighteen cubits is 
true for any quantity of water whatever, be the pump large or small or even as 
fine as a straw. We may therefore say that, on weighing the water contained in a 
tube eighteen cubits long, no matter what the diameter, we shall obtain the value 
of the resistance of the vacuum in a cylinder of any solid material having a bore 
of this same diameter. And having gone so far, let us see how easy it is to find to 
what length cylinders of metal, stone, wood, glass, etc., of any diameter can be 
elongated without breaking by their own weight. 


Sagr. It still remains for you to tell us upon what depends the resistance to 
breaking, other than that of the vacuum; what is the gluey or viscous substance 
which cements together the parts of the solid? For I cannot imagine a glue that 
will not burn up in a highly heated furnace in two or three months, or certainly 
within ten or a hundred. For if gold, silver and glass are kept for a long while in 
the molten state and are removed from the furnace, their parts, on cooling, 
immediately reunite and bind themselves together as before. Not only so, but 
whatever difficulty arises with respect to the cementation of the parts of the glass 
arises also with regard to the parts of the glue; in other words, what is that which 
holds these parts together so firmly? 

A little while ago, I expressed the hope that your good angel might assist you. 
I now find myself in the same straits. Experiment leaves no doubt that the reason 
why two plates cannot be separated, except with violent effort, is that they are 
held together by the resistance of the vacuum; and the same can be said of two 
large pieces of a marble or bronze column. This being so, I do not see why this 
same cause may not explain the coherence of smaller parts and indeed of the 
very smallest particles of these materials. Now, since each effect must have one 


true and sufficient cause and since I find no other cement, am I not justified in 
trying to discover whether the vacuum is not a sufficient cause? 


Simp. But seeing that you have already proved that the resistance which the large 
vacuum offers to the separation of two large parts of a solid is really very small 
in comparison with that cohesive force which binds together the most minute 
parts, why do you hesitate to regard this latter as something very different from 
the former? 


Salv. Sagredo has already [p. 13 above] answered this question when he 
remarked that each individual soldier was being paid from coin collected by a 
general tax of pennies and farthings, while even a million of gold would not 
suffice to pay the entire army. And who knows but that there may be other 
extremely minute vacua which affect the smallest particles so that that which 
binds together the contiguous parts is throughout of the same mintage? Let me 
tell you something which has just occurred to me and which I do not offer as an 
absolute fact, but rather as a passing thought, still immature and calling for more 
careful consideration. You may take of it what you like; and judge the rest as 
you see fit. Sometimes when I have observed how fire winds its way in between 
the most minute particles of this or that metal and, even though these are solidly 
cemented together, tears them apart and separates them, and when I have 
observed that, on removing the fire, these particles reunite with the same tenacity 
as at first, without any loss of quantity in the case of gold and with little loss in 
the case of other metals, even though these parts have been separated for a long 
while, I have thought that the explanation might lie in the fact that the extremely 
fine particles of fire, penetrating the slender pores of the metal (too small to 
admit even the finest particles of air or of many other fluids), would fill the small 
intervening vacua and would set free these small particles from the attraction 
which these same vacua exert upon them and which prevents their separation. 
Thus the particles are able to move freely so that the mass [massa] becomes fluid 
and remains so as long as the particles of fire remain inside; but if they depart 
and leave the former vacua then the original attraction [attrazzione] returns and 
the parts are again cemented together. 

In reply to the question raised by Simplicio, one may say that although each 
particular vacuum is exceedingly minute and therefore easily overcome, yet their 
number is so extraordinarily great that their combined resistance is, so to speak, 
multipled almost without limit. The nature and the amount of force [forza] which 
results [risulta] from adding together an immense number of small forces 
[debolissimi momenti] is clearly illustrated by the fact that a weight of millions 


of pounds, suspended by great cables, is overcome and lifted, when the south 
wind carries innumerable atoms of water, suspended in thin mist, which moving 
through the air penetrate between the fibres of the tense ropes in spite of the 
tremendous force of the hanging weight. When these particles enter the narrow 
pores they swell the ropes, thereby shorten them, and perforce lift the heavy 
mass [mole]. 


Sagr. There can be no doubt that any resistance, so long as it is not infinite, may 
be overcome by a multitude of minute forces. Thus a vast number of ants might 
carry ashore a ship laden with grain. And since experience shows us daily that 
one ant can easily carry one grain, it is clear that the number of grains in the ship 
is not infinite, but falls below a certain limit. If you take another number four or 
six times as great, and if you set to work a corresponding number of ants they 
will carry the grain ashore and the boat also. It is true that this will call for a 
prodigious number of ants, but in my opinion this is precisely the case with the 
vacua which bind together the least particles of a metal. 


Salv. But even if this demanded an infinite number would you still think it 
impossible? 


Sagr. Not if the mass [mole] of metal were infinite; otherwise. .. . 

Otherwise what? Now since we have arrived at paradoxes let us see if we 
cannot prove that within a finite extent it is possible to discover an infinite 
number of vacua. At the same time we shall at least reach a solution of the most 
remarkable of all that list of problems which Aristotle himself calls wonderful; I 
refer to his Questions in Mechanics. This solution may be no less clear and 
conclusive than that which he himself gives and quite different also from that so 
cleverly expounded by the most learned Monsignor di Guevara.’ 


G Bishop of Teano; b. 1561, d.1641. [Trans.] 


First it is necessary to consider a proposition, not treated by others, but upon 
which depends the solution of the problem and from which, if I mistake not, we 
shall derive other new and remarkable facts. For the sake of clearness let us draw 
an accurate figure. About G as a center describe an equiangular and equilateral 
polygon of any number of sides, say the hexagon ABCDEF. Similar to this and 
concentric with it, describe another smaller one which we shall call HIKLMN. 
Prolong the side AB, of the larger hexagon, indefinitely toward S; in like manner 
prolong the corresponding side HI of the smaller hexagon, in the same direction, 


so that the line HT is parallel to AS; and through the center draw the line GV 
parallel to the other two. This done, imagine the larger polygon to roll upon the 
line AS, carrying with it the smaller polygon. It is evident that, if the point B, the 
end of the side AB, remains fixed at the beginning of the rotation, the point A 
will rise and the point C will fall describing the arc CQ until the side BC 
coincides with the line BQ, equal to BC. But during this rotation the point I, on 
the smaller polygon, will rise above the line IT because IB is oblique to AS; and 
it will not again return to the line IT until the point C shall have reached the 
position Q. The point I, having described the arc IO above the line HT, will 
reach the position O at the same time the side IK assumes the position OP; but in 
the meantime the center G has traversed a path above GV and does not return to 
it until it has completed the arc GC. This step having been taken, the larger 
polygon has been brought to rest with its side BC coinciding with the line BQ 
while the side IK of the smaller polygon has been made to coincide with the line 
OP, having passed over the portion IO without touching it; also the center G will 
have reached the position C after having traversed all its course above the 
parallel line GV. And finally the entire figure will assume a position similar to 
the first, so that if we continue the rotation and come to the next step, the side 
DC of the larger polygon will coincide with the portion QX and the side KL of 
the smaller polygon, having first skipped the arc PY, will fall on YZ, while the 
center still keeping above the line GV will return to it at R after having jumped 
the interval CR. At the end of one complete rotation the larger polygon will have 
traced upon the line AS, without break, six lines together equal to its perimeter; 
the lesser polygon will likewise have imprinted six lines equal to its perimeter, 
but separated by the interposition of five arcs, whose chords represent the parts 
of HT not touched by the polygon: the center G never reaches the line GV 
except at six points. From this it is clear that the space traversed by the smaller 
polygon is almost equal to that traversed by the larger, that is, the line HT 
approximates the line AS, differing from it only by the length of one chord of 
one of these arcs, provided we understand the line HT to include the five skipped 
arcs. 





Fig. 5 


Now this exposition which I have given in the case of these hexagons must be 
understood to be applicable to all other polygons, whatever the number of sides, 
provided only they are similar, concentric, and rigidly connected, so that when 
the greater one rotates the lesser will also turn however small it may be. You 
must also understand that the lines described by these two are nearly equal 
provided we include in the space traversed by the smaller one the intervals 
which are not touched by any part of the perimeter of this smaller polygon. 

Let a large polygon of, say, one thousand sides make one complete rotation 
and thus lay off a line equal to its perimeter; at the same time the small one will 
pass over an approximately equal distance, made up of a thousand small portions 
each equal to one of its sides, but interrupted by a thousand spaces which, in 
contrast with the portions that coincide with the sides of the polygon, we may 
call empty. So far the matter is free from difficulty or doubt. 

But now suppose that about any center, say A, we describe two concentric 
and rigidly connected circles; and suppose that from the points C and B, on their 
radii, there are drawn the tangents CE and BF and that through the center A the 
line AD is drawn parallel to them, then if the large circle makes one complete 
rotation along the line BF, equal not only to its circumference but also to the 
other two lines CE and AD, tell me what the smaller circle will do and also what 
the center will do. As to the center it will certainly traverse and touch the entire 
line AD while the circumference of the smaller circle will have measured off by 
its points of contact the entire line CE, just as was done by the above mentioned 
polygons. The only difference is that the line HT was not at every point in 


contact with the perimeter of the smaller polygon, but there were left untouched 
as many vacant spaces as there were spaces coinciding with the sides. But here 
in the case of the circles the circumference of the smaller one never leaves the 
line CE, so that no part of the latter is left untouched, nor is there ever a time 
when some point on the circle is not in contact with the straight line. How now 
can the smaller circle traverse a length greater than its circumference unless it go 
by jumps? 


Sagr. It seems to me that one may say that just as the center of the circle, by 
itself, carried along the line AD is constantly in contact with it, although it is 
only a single point, so the points on the circumference of the smaller circle, 
carried along by the motion of the larger circle, would slide over some small 
parts of the line CE. 

There are two reasons why this cannot happen. First because there is no 
ground for thinking that one point of contact, such as that at C, rather than 
another, should slip over certain portions of the line CE. But if such slidings 
along CE did occur they would be infinite in number since the points of contact 
(being mere points) are infinite in number: an infinite number of finite slips will 
however make an infinitely long line, while as a matter of fact the line CE is 
finite. The other reason is that as the greater circle, in its rotation, changes its 
point of contact continuously the lesser circle must do the same because B is the 
only point from which a straight line can be drawn to A and pass through C. 
Accordingly the small circle must change its point of contact whenever the large 
one changes: no point of the small circle touches the straight line CE in more 
than one point. Not only so, but even in the rotation of the polygons there was no 
point on the perimeter of the smaller which coincided with more than one point 
on the line traversed by that perimeter; this is at once clear when you remember 
that the line IK is parallel to BC and that therefore IK will remain above IP until 
BC coincides with BQ, and that IK will not lie upon IP except at the very instant 
when BC occupies the position BQ; at this instant the entire line IK coincides 
with OP and immediately afterwards rises above it. 


Sagr. This is a very intricate matter. I see no solution. Pray explain it to us. 

Salv. Let us return to the consideration of the above mentioned polygons whose 
behavior we already understand. Now in the case of polygons with 100000 sides, 
the line traversed by the perimeter of the greater, i. e., the line laid down by its 
100000 sides one after another, is equal to the line traced out by the 100000 
sides of the smaller, provided we include the 100000 vacant spaces interspersed. 
So in the case of the circles, polygons having an infinitude of sides, the line 


traversed by the continuously distributed [continuamente disposti] infinitude of 
sides is in the greater circle equal to the line laid down by the infinitude of sides 
in the smaller circle but with the exception that these latter alternate with empty 
spaces; and since the sides are not finite in number, but infinite, so also are the 
intervening empty spaces not finite but infinite. The line traversed by the larger 
circle consists then of an infinite number of points which completely fill it; while 
that which is traced by the smaller circle consists of an infinite number of points 
which leave empty spaces and only partly fill the line. And here I wish you to 
observe that after dividing and resolving a line into a finite number of parts, that 
is, into a number which can be counted, it is not possible to arrange them again 
into a greater length than that which they occupied when they formed a 
continuum [continuate] and were connected without the interposition of as many 
empty spaces. But if we consider the line resolved into an infinite number of 
infinitely small and indivisible parts, we shall be able to conceive the line 
extended indefinitely by the interposition, not of a finite, but of an infinite 
number of infinitely small indivisible empty spaces. 

Now this which has been said concerning simple lines must be understood to 
hold also in the case of surfaces and solid bodies, it being assumed that they are 
made up of an infinite, not a finite, number of atoms. Such a body once divided 
into a finite number of parts it is impossible to reassemble them so as to occupy 
more space than before unless we interpose a finite number of empty spaces, that 
is to say, spaces free from the substance of which the solid is made. But if we 
imagine the body, by some extreme and final analysis, resolved into its primary 
elements, infinite in number, then we shall be able to think of them as 
indefinitely extended in space, not by the interposition of a finite, but of an 
infinite number of empty spaces. Thus one can easily imagine a small ball of 
gold expanded into a very large space without the introduction of a finite number 
of empty spaces, always provided the gold is made up of an infinite number of 
indivisible parts. 


Simp. It seems to me that you are travelling along toward those vacua advocated 
by a certain ancient philosopher. 


Salv. But you have failed to add, “who denied Divine Providence,” an inapt 
remark made on a similar occasion by a certain antagonist of our Academician. 


Simp. I noticed, and not without indignation, the rancor of this ill-natured 
opponent; further references to these affairs I omit, not only as a matter of good 
form, but also because I know how unpleasant they are to the good tempered and 


well ordered mind of one so religious and pious, so orthodox and God-fearing as 
you. 

But to return to our subject, your previous discourse leaves with me many 
difficulties which I am unable to solve. First among these is that, if the 
circumferences of the two circles are equal to the two straight lines, CE and BF, 
the latter considered as a continuum, the former as interrupted with an infinity of 
empty points, I do not see how it is possible to say that the line AD described by 
the center, and made up of an infinity of points, is equal to this center which is a 
single point. Besides, this building up of lines out of points, divisibles out of 
indivisibles, and finites out of infinites, offers me an obstacle difficult to avoid; 
and the necessity of introducing a vacuum, so conclusively refuted by Aristotle, 
presents the same difficulty. 

These difficulties are real; and they are not the only ones. But let us 
remember that we are dealing with infinities and indivisibles, both of which 
transcend our finite understanding, the former on account of their magnitude, the 
latter because of their smallness. In spite of this, men cannot refrain from 
discussing them, even though it must be done in a round-about way. 

Therefore I also should like to take the liberty to present some of my ideas 
which, though not necessarily convincing, would, on account of their novelty, at 
least, prove somewhat startling. But such a diversion might perhaps carry us too 
far away from the subject under discussion and might therefore appear to you 
inopportune and not very pleasing. 


Sagr. Pray let us enjoy the advantages and privileges which come from 
conversation between friends, especially upon subjects freely chosen and not 
forced upon us, a matter vastly different from dealing with dead books which 
give rise to many doubts but remove none. Share with us, therefore, the thoughts 
which our discussion has suggested to you; for since we are free from urgent 
business there will be abundant time to pursue the topics already mentioned; and 
in particular the objections raised by Simplicio ought not in any wise to be 
neglected. 


Salv. Granted, since you so desire. The first question was, How can a single 
point be equal to a line? Since I cannot do more at present I shall attempt to 
remove, or at least diminish, one improbability by introducing a similar or a 
greater one, just as sometimes a wonder is diminished by a miracle.’ 


7 Cf. p. 30 below. [Trans.] 


And this I shall do by showing you two equal surfaces, together with two 
equal solids located upon these same surfaces as bases, all four of which 
diminish continuously and uniformly in such a way that their remainders always 
preserve equality among themselves, and finally both the surfaces and the solids 
terminate their previous constant equality by degenerating, the one solid and the 
one surface into a very long line, the other solid and the other surface into a 
single point; that is, the latter to one point, the former to an infinite number of 
points. 

This proposition appears to me wonderful, indeed; but let us hear the 
explanation and demonstration. 


Salv. Since the proof is purely geometrical we shall need a figure. Let AFB be a 
semicircle with center at C; about it describe the rectangle ADEB and from the 
center draw the straight lines CD and CE to the points D and E. Imagine the 
radius CF to be drawn perpendicular to either of the lines AB or DE, and the 
entire figure to rotate about this radius as an axis. It is clear that the rectangle 
ADEB will thus describe a cylinder, the semicircle AFB a hemisphere, and the 
triangle CDE, a cone. Next let us remove the hemisphere but leave the cone and 
the rest of the cylinder, which, on account of its shape, we will call a “bowl.” 
First we shall prove that the bowl and the cone are equal; then we shall show that 
a plane drawn parallel to the circle which forms the base of the bowl and which 
has the line DE for diameter and F for a center — a plane whose trace is GN — 
cuts the bowl in the points G, I, O, N, and the cone in the points H, L, so that the 
part of the cone indicated by CHL is always equal to the part of the bowl whose 
profile is represented by the triangles GAI and BON. Besides this we shall prove 
that the base of the cone, i. e., the circle whose diameter is HL, is equal to the 
circular surface which forms the base of this portion of the bowl, or as one might 
say, equal to a ribbon whose width is GI. (Note by the way the nature of 
mathematical definitions which consist merely in the imposition of names or, if 
you prefer, abbreviations of speech established and introduced in order to avoid 
the tedious drudgery which you and I now experience simply because we have 
not agreed to call this surface a “circular band” and that sharp solid portion of 
the bowl a “round razor.”) Now call them by what name you please, it suffices to 
understand that the plane, drawn at any height whatever, so long as it is parallel 
to the base, i. e., to the circle whose diameter is DE, always cuts the two solids 
so that the portion CHL of the cone is equal to the upper portion of the bowl; 
likewise the two areas which are the bases of these solids, namely the band and 
the circle HL, are also equal. Here we have the miracle mentioned above; as the 
cutting plane approaches the line AB the portions of the solids cut off are always 


equal, so also the areas of their bases. And as the cutting plane comes near the 
top, the two solids (always equal) as well as their bases (areas which are also 
equal) finally vanish, one pair of them degenerating into the circumference of a 
circle, the other into a single point, namely, the upper edge of the bowl and the 
apex of the cone. Now, since as these solids diminish equality is maintained 
between them up to the very last, we are justified in saying that, at the extreme 
and final end of this diminution, they are still equal and that one is not infinitely 
greater than the other. It appears therefore that we may equate the circumference 
of a large circle to a single point. And this which is true of the solids is true also 
of the surfaces which form their bases; for these also preserve equality between 
themselves throughout their diminution and in the end vanish, the one into the 
circumference of a circle, the other into a single point. Shall we not then call 
them equal seeing that they are the last traces and remnants of equal 
magnitudes? Note also that, even if these vessels were large enough to contain 
immense celestial hemispheres, both their upper edges and the apexes of the 
cones therein contained would always remain equal and would vanish, the 
former into circles having the dimensions of the largest celestial orbits, the latter 
into single points. Hence in conformity with the preceding we may say that all 
circumferences of circles, however different, are equal to each other, and are 
each equal to a single point. 





Sagr. This presentation strikes me as so clever and novel that, even if I were 
able, I would not be willing to oppose it; for to deface so beautiful a structure by 
a blunt pedantic attack would be nothing short of sinful. But for our complete 
satisfaction pray give us this geometrical proof that there is always equality 
between these solids and between their bases; for it cannot, I think, fail to be 
very ingenious, seeing how subtle is the philosophical argument based upon this 
result. 


Salv. The demonstration is both short and easy. Referring to the preceding 
figure, since IPC is a right angle the square of the radius IC is equal to the sum 
of the squares on the two sides IP, PC; but the radius IC is equal to AC and also 
to GP, while CP is equal to PH. Hence the square of the line GP is equal to the 
sum of the squares of IP and PH, or multiplying through by 4, we have the 
square of the diameter GN equal to the sum of the squares on IO and HL. And, 
since the areas of circles are to each other as the squares of their diameters, it 
follows that the area of the circle whose diameter is GN is equal to the sum of 
the areas of circles having diameters IO and HL, so that if we remove the 
common area of the circle having IO for diameter the remaining area of the 
circle GN will be equal to the area of the circle whose diameter is HL. So much 
for the first part. As for the other part, we leave its demonstration for the present, 
partly because those who wish to follow it will find it in the twelfth proposition 
of the second book of De centro gravitatis solidorum by the Archimedes of our 
age, Luca Valerio,® who made use of it for a different object, and partly because, 
for our purpose, it suffices to have seen that the above-mentioned surfaces are 
always equal and that, as they keep on diminishing uniformly, they degenerate, 
the one into a single point, the other into the circumference of a circle larger than 
any assignable; in this fact lies our miracle.’ 


Distinguished Italian mathematician; born at Ferrara about 1552; admitted to the Accademia dei Lincei 
1612; died 1618. [Trans. ] 


3 Cf. p. 27 above. [Trans.] 


Sagr. The demonstration is ingenious and the inferences drawn from it are 
remarkable. And now let us hear something concerning the other difficulty 
raised by Simplicio, if you have anything special to say, which, however, seems 
to me hardly possible, since the matter has already been so thoroughly discussed. 


Salv. But I do have something special to say, and will first of all repeat what I 
said a little while ago, namely, that infinity and indivisibility are in their very 


nature incomprehensible to us; imagine then what they are when combined. Yet 
if we wish to build up a line out of indivisible points, we must take an infinite 
number of them, and are, therefore, bound to understand both the infinite and the 
indivisible at the same time. Many ideas have passed through my mind 
concerning this subject, some of which, possibly the more important, I may not 
be able to recall on the spur of the moment; but in the course of our discussion it 
may happen that I shall awaken in you, and especially in Simplicio, objections 
and difficulties which in turn will bring to memory that which, without such 
stimulus, would have lain dormant in my mind. Allow me therefore the 
customary liberty of introducing some of our human fancies, for indeed we may 
so call them in comparison with supernatural truth which furnishes the one true 
and safe recourse for decision in our discussions and which is an infallible guide 
in the dark and dubious paths of thought. 

One of the main objections urged against this building up of continuous 
quantities out of indivisible quantities [continuo d’ indivisibili] is that the 
addition of one indivisible to another cannot produce a divisible, for if this were 
so it would render the indivisible divisible. Thus if two indivisibles, say two 
points, can be united to form a quantity, say a divisible line, then an even more 
divisible line might be formed by the union of three, five, seven, or any other 
odd number of points. Since however these lines can be cut into two equal parts, 
it becomes possible to cut the indivisible which lies exactly in the middle of the 
line. In answer to this and other objections of the same type we reply that a 
divisible magnitude cannot be constructed out of two or ten or a hundred or a 
thousand indivisibles, but requires an infinite number of them. 


Simp. Here a difficulty presents itself which appears to me insoluble. Since it is 
clear that we may have one line greater than another, each containing an infinite 
number of points, we are forced to admit that, within one and the same class, we 
may have something greater than infinity, because the infinity of points in the 
long line is greater than the infinity of points in the short line. This assigning to 
an infinite quantity a value greater than infinity is quite beyond my 
comprehension. 


Salv. This is one of the difficulties which arise when we attempt, with our finite 
minds, to discuss the infinite, assigning to it those properties which we give to 
the finite and limited; but this I think is wrong, for we cannot speak of infinite 
quantities as being the one greater or less than or equal to another. To prove this 
I have in mind an argument which, for the sake of clearness, I shall put in the 
form of questions to Simplicio who raised this difficulty. 


I take it for granted that you know which of the numbers are squares and 
which are not. 
Simp. I am quite aware that a squared number is one which results from the 
multiplication of another number by itself; thus 4, 9, etc., are squared numbers 
which come from multiplying 2, 3, etc., by themselves. 


Salv. Very well; and you also know that just as the products are called squares so 
the factors are called sides or roots; while on the other hand those numbers 
which do not consist of two equal factors are not squares. Therefore if I assert 
that all numbers, including both squares and non-squares, are more than the 
squares alone, I shall speak the truth, shall I not? 


Simp. Most certainly. 


Salv. If I should ask further how many squares there are one might reply truly 
that there are as many as the corresponding number of roots, since every square 
has its own root and every root its own square, while no square has more than 
one root and no root more than one square. 


Simp. Precisely so. 


Salv. But if I inquire how many roots there are, it cannot be denied that there are 
as many as there are numbers because every number is a root of some square. 
This being granted we must say that there are as many squares as there are 
numbers because they are just as numerous as their roots, and all the numbers 
are roots. Yet at the outset we said there are many more numbers than squares, 
since the larger portion of them are not squares. Not only so, but the 
proportionate number of squares diminishes as we pass to larger numbers. Thus 
up to 100 we have 10 squares, that is, the squares constitute 1/10 part of all the 
numbers; up to 10000, we find only 1/100 part to be squares; and up to a million 
only 1/1000 part; on the other hand in an infinite number, if one could conceive 
of such a thing, he would be forced to admit that there are as many squares as 
there are numbers all taken together. 


Sagr. What then must one conclude under these circumstances? 


Salv. So far as I see we can only infer that the totality of all numbers is infinite, 
that the number of squares is infinite, and that the number of their roots is 
infinite; neither is the number of squares less than the totality of all numbers, nor 


the latter greater than the former; and finally the attributes “equal,” “greater,” 
and “less,” are not applicable to infinite, but only to finite, quantities. When 
therefore Simplicio introduces several lines of different lengths and asks me how 
it is possible that the longer ones do not contain more points than the shorter, I 
answer him that one line does not contain more or less or just as many points as 
another, but that each line contains an infinite number. Or if I had replied to him 
that the points in one line were equal in number to the squares; in another, 
greater than the totality of numbers; and in the little one, as many as the number 
of cubes, might I not, indeed, have satisfied him by thus placing more points in 
one line than in another and yet maintaining an infinite number in each? So 
much for the first difficulty. 


Sagr. Pray stop a moment and let me add to what has already been said an idea 
which just occurs to me. If the preceding be true, it seems to me impossible to 
say either that one infinite number is greater than another or even that it is 
greater than a finite number, because if the infinite number were greater than, 
say, a million it would follow that on passing from the million to higher and 
higher numbers we would be approaching the infinite; but this is not so; on the 
contrary, the larger the number to which we pass, the more we recede from [this 
property of] infinity, because the greater the numbers the fewer [relatively] are 
the squares contained in them; but the squares in infinity cannot be less than the 
totality of all the numbers, as we have just agreed; hence the approach to greater 
and greater numbers means a departure from infinity.'° 


10 A certain confusion of thought appears to be introduced here through a failure to distinguish between the 
number n and the class of the first n numbers; and likewise from a failure to distinguish infinity as a number 
from infinity as the class of all numbers. [Trans.] 


Salv. And thus from your ingenious argument we are led to conclude that the 
attributes “larger,” “smaller,” and “equal” have no place either in comparing 
infinite quantities with each other or in comparing infinite with finite quantities. 
I pass now to another consideration. Since lines and all continuous quantities 
are divisible into parts which are themselves divisible without end, I do not see 
how it is possible to avoid the conclusion that these lines are built up of an 
infinite number of indivisible quantities because a division and a subdivision 
which can be carried on indefinitely presupposes that the parts are infinite in 
number, otherwise the subdivision would reach an end; and if the parts are 
infinite in number, we must conclude that they are not finite in size, because an 


infinite number of finite quantities would give an infinite magnitude. And thus 
we have a continuous quantity built up of an infinite number of indivisibles. 


Simp. But if we can carry on indefinitely the division into finite parts what 
necessity is there then for the introduction of non-finite parts? 


Salv. The very fact that one is able to continue, without end, the division into 
finite parts [in parti quante] makes it necessary to regard the quantity as 
composed of an infinite number of immeasurably small elements [di infiniti non 
quanti]. Now in order to settle this matter I shall ask you to tell me whether, in 
your opinion, a continuum is made up of a finite or of an infinite number of 
finite parts [parti quante]. 


Simp. My answer is that their number is both infinite and finite; potentially 
infinite but actually finite [infinite, in potenza; e finite, in atto]; that is to say, 
potentially infinite before division and actually finite after division; because 
parts cannot be said to exist in a body which is not yet divided or at least marked 
out; if this is not done we say that they exist potentially. 


Salv. So that a line which is, for instance, twenty spans long is not said to 
contain actually twenty lines each one span in length except after division into 
twenty equal parts; before division it is said to contain them only potentially. 
Suppose the facts are as you say; tell me then whether, when the division is once 
made, the size of the original quantity is thereby increased, diminished, or 
unaffected. 


Simp. It neither increases nor diminishes. 

Salv. That is my opinion also. Therefore the finite parts [parti quante] in a 
continuum, whether actually or potentially present, do not make the quantity 
either larger or smaller; but it is perfectly clear that, if the number of finite parts 
actually contained in the whole is infinite in number, they will make the 
magnitude infinite. Hence the number of finite parts, although existing only 
potentially, cannot be infinite unless the magnitude containing them be infinite; 
and conversely if the magnitude is finite it cannot contain an infinite number of 
finite parts either actually or potentially. 


Sagr. How then is it possible to divide a continuum without limit into parts 
which are themselves always capable of subdivision? 


Salv. This distinction of yours between actual and potential appears to render 
easy by one method what would be impossible by another. But I shall endeavor 
to reconcile these matters in another way; and as to the query whether the finite 
parts of a limited continuum [continuo terminato] are finite or infinite in number 
I will, contrary to the opinion of Simplicio, answer that they are neither finite nor 
infinite. 


Simp. This answer would never have occurred to me since I did not think that 
there existed any intermediate step between the finite and the infinite, so that the 
classification or distinction which assumes that a thing must be either finite or 
infinite is faulty and defective. 


Salv. So it seems to me. And if we consider discrete quantities I think there is, 
between finite and infinite quantities, a third intermediate term which 
corresponds to every assigned number; so that if asked, as in the present case, 
whether the finite parts of a continuum are finite or infinite in number the best 
reply is that they are neither finite nor infinite but correspond to every assigned 
number. In order that this may be possible, it is necessary that those parts should 
not be included within a limited number, for in that case they would not 
correspond to a number which is greater; nor can they be infinite in number 
since no assigned number is infinite; and thus at the pleasure of the questioner 
we may, to any given line, assign a hundred finite parts, a thousand, a hundred 
thousand, or indeed any number we may please so long as it be not infinite. I 
grant, therefore, to the philosophers, that the continuum contains as many finite 
parts as they please and I concede also that it contains them, either actually or 
potentially, as they may like; but I must add that just as a line ten fathoms 
[canne] in length contains ten lines each of one fathom and forty lines each of 
one cubit [braccia] and eighty lines each of half a cubit, etc., so it contains an 
infinite number of points; call them actual or potential, as you like, for as to this 
detail, Simplicio, I defer to your opinion and to your judgment. 

I cannot help admiring your discussion; but I fear that this parallelism 
between the points and the finite parts contained in a line will not prove 
satisfactory, and that you will not find it so easy to divide a given line into an 
infinite number of points as the philosophers do to cut it into ten fathoms or forty 
cubits; not only so, but such a division is quite impossible to realize in practice, 
so that this will be one of those potentialities which cannot be reduced to 
actuality. 


Salv. The fact that something can be done only with effort or diligence or with 
great expenditure of time does not render it impossible; for I think that you 
yourself could not easily divide a line into a thousand parts, and much less if the 
number of parts were 937 or any other large prime number. But if I were to 
accomplish this division which you deem impossible as readily as another 
person would divide the line into forty parts would you then be more willing, in 
our discussion, to concede the possibility of such a division? 


Simp. In general I enjoy greatly your method; and replying to your query, I 
answer that it would be more than sufficient if it prove not more difficult to 
resolve a line into points than to divide it into a thousand parts. 


Salv. I will now say something which may perhaps astonish you; it refers to the 
possibility of dividing a line into its infinitely small elements by following the 
same order which one employs in dividing the same line into forty, sixty, or a 
hundred parts, that is, by dividing it into two, four, etc. He who thinks that, by 
following this method, he can reach an infinite number of points is greatly 
mistaken; for if this process were followed to eternity there would still remain 
finite parts which were undivided. 

Indeed by such a method one is very far from reaching the goal of 
indivisibility; on the contrary he recedes from it and while he thinks that, by 
continuing this division and by multiplying the multitude of parts, he will 
approach infinity, he is, in my opinion, getting farther and farther away from it. 
My reason is this. In the preceding discussion we concluded that, in an infinite 
number, it is necessary that the squares and cubes should be as numerous as the 
totality of the natural numbers [tutti i numeri], because both of these are as 
numerous as their roots which constitute the totality of the natural numbers. Next 
we saw that the larger the numbers taken the more sparsely distributed were the 
squares, and still more sparsely the cubes; therefore it is clear that the larger the 
numbers to which we pass the farther we recede from the infinite number; hence 
it follows that, since this process carries us farther and farther from the end 
sought, if on turning back we shall find that any number can be said to be 
infinite, it must be unity. Here indeed are satisfied all those conditions which are 
requisite for an infinite number; I mean that unity contains in itself as many 
squares as there are cubes and natural numbers [tutti i numeri]. 


Simp. I do not quite grasp the meaning of this. 


Salv. There is no difficulty in the matter because unity is at once a square, a 
cube, a square of a square and all the other powers [dignita]; nor is there any 
essential peculiarity in squares or cubes which does not belong to unity; as, for 
example, the property of two square numbers that they have between them a 
mean proportional; take any square number you please as the first term and unity 
for the other, then you will always find a number which is a mean proportional. 
Consider the two square numbers, 9 and 4; then 3 is the mean proportional 
between 9 and 1; while 2 is a mean proportional between 4 and 1; between 9 and 
4 we have 6 as a mean proportional. A property of cubes is that they must have 
between them two mean proportional numbers; take 8 and 27; between them lie 
12 and 18; while between 1 and 8 we have 2 and 4 intervening; and between 1 
and 27 there lie 3 and 9. Therefore we conclude that unity is the only infinite 
number. These are some of the marvels which our imagination cannot grasp and 
which should warn us against the serious error of those who attempt to discuss 
the infinite by assigning to it the same properties which we employ for the finite, 
the natures of the two having nothing in common. 

With regard to this subject I must tell you of a remarkable property which just 
now occurs to me and which will explain the vast alteration and change of 
character which a finite quantity would undergo in passing to infinity. Let us 
draw the straight line AB of arbitrary length and let the point C divide it into two 
unequal parts; then I say that, if pairs of lines be drawn, one from each of the 
terminal points A and B, and if the ratio between the lengths of these lines is the 
same as that between AC and CB, their points of intersection will all lie upon the 
circumference of one and the same circle. Thus, for example, AL and BL drawn 
from A and B, meeting at the point L, bearing to one another the same ratio as 
AC to BC, and the pair AK and BK meeting at K also bearing to one another the 
same ratio, and likewise the pairs AI, BI, AH, BH, AG, BG, AF, BF, AE, BE, 
have their points of intersection L, K, I, H, G, F, E, all lying upon the 
circumference of one and the same circle. Accordingly if we imagine the point C 
to move continuously in such a manner that the lines drawn from it to the fixed 
terminal points, A and B, always maintain the same ratio between their lengths 
as exists between the original parts, AC and CB, then the point C will, as I shall 
presently prove, describe a circle. And the circle thus described will increase in 
size without limit as the point C approaches the middle point which we may call 
O; but it will diminish in size as C approaches the end B. So that the infinite 
number of points located in the line OB will, if the motion be as explained 
above, describe circles of every size, some smaller than the pupil of the eye of a 
flea, others larger than the celestial equator. Now if we move any of the points 
lying between the two ends O and B they will all describe circles, those nearest 


O, immense circles; but if we move the point O itself, and continue to move it 
according to the aforesaid law, namely, that the lines drawn from O to the 
terminal points, A and B, maintain the same ratio as the original lines AO and 
OB, what kind of a line will be produced? A circle will be drawn larger than the 
largest of the others, a circle which is therefore infinite. But from the point O a 
straight line will also be drawn perpendicular to BA and extending to infinity 
without ever turning, as did the others, to join its last end with its first; for the 
point C, with its limited motion, having described the upper semicircle, CHE, 
proceeds to describe the lower semicircle EMC, thus returning to the starting 
point. But the point O having started to describe its circle, as did all the other 
points in the line AB, (for the points in the other portion OA describe their 
circles also, the largest being those nearest the point O) is unable to return to its 
starting point because the circle it describes, being the largest of all, is infinite; in 
fact, it describes an infinite straight line as circumference of its infinite circle. 
Think now what a difference there is between a finite and an infinite circle since 
the latter changes character in such a manner that it loses not only its existence 
but also its possibility of existence; indeed, we already clearly understand that 
there can be no such thing as an infinite circle; similarly there can be no infinite 
sphere, no infinite body, and no infinite surface of any shape. Now what shall we 
say concerning this metamorphosis in the transition from finite to infinite? And 
why should we feel greater repugnance, seeing that, in our search after the 
infinite among numbers we found it in unity? Having broken up a solid into 
many parts, having reduced it to the finest of powder and having resolved it into 
its infinitely small indivisible atoms why may we not say that this solid has been 
reduced to a single continuum [un solo continuo] perhaps a fluid like water or 
mercury or even a liquified metal? And do we not see stones melt into glass and 
the glass itself under strong heat become more fluid than water? 





eee ee es erorr ee 


D 





Sagr. Are we then to believe that substances become fluid in virtue of being 
resolved into their infinitely small indivisible components? 


Salv. I am not able to find any better means of accounting for certain phenomena 
of which the following is one. When I take a hard substance such as stone or 
metal and when I reduce it by means of a hammer or fine file to the most minute 
and impalpable powder, it is clear that its finest particles, although when taken 
one by one are, on account of their smallness, imperceptible to our sight and 
touch, are nevertheless finite in size, possess shape, and capability of being 
counted. It is also true that when once heaped up they remain in a heap; and if an 
excavation be made within limits the cavity will remain and the surrounding 
particles will not rush in to fill it; if shaken the particles come to rest 
immediately after the external disturbing agent is removed; the same effects are 
observed in all piles of larger and larger particles, of any shape, even if 
spherical, as is the case with piles of millet, wheat, lead shot, and every other 
material. But if we attempt to discover such properties in water we do not find 
them; for when once heaped up it immediately flattens out unless held up by 
some vessel or other external retaining body; when hollowed out it quickly 
rushes in to fill the cavity; and when disturbed it fluctuates for a long time and 
sends out its waves through great distances. 

Seeing that water has less firmness [consistenza] than the finest of powder, in 
fact has no consistence whatever, we may, it seems to me, very reasonably 


conclude that the smallest particles into which it can be resolved are quite 
different from finite and divisible particles; indeed the only difference I am able 
to discover is that the former are indivisible. The exquisite transparency of water 
also favors this view; for the most transparent crystal when broken and ground 
and reduced to powder loses its transparency; the finer the grinding the greater 
the loss; but in the case of water where the attrition is of the highest degree we 
have extreme transparency. Gold and silver when pulverized with acids [acque 
forti] more finely than is possible with any file still remain powders," and do not 
become fluids until the finest particles [gl’ indivisibili] of fire or of the rays of 
the sun dissolve them, as I think, into their ultimate, indivisible, and infinitely 
small components. 


11 Tt is not clear what Galileo here means by saying that gold and silver when treated with acids still remain 
powders. [Trans. ] 


Sagr. This phenomenon of light which you mention is one which I have many 
times remarked with astonishment. I have, for instance, seen lead melted 
instantly by means of a concave mirror only three hands [palmi] in diameter. 
Hence I think that if the mirror were very large, well-polished and of a parabolic 
figure, it would just as readily and quickly melt any other metal, seeing that the 
small mirror, which was not well polished and had only a spherical shape, was 
able so energetically to melt lead and burn every combustible substance. Such 
effects as these render credible to me the marvels accomplished by the mirrors of 
Archimedes. 


Salv. Speaking of the effects produced by the mirrors of Archimedes, it was his 
own books (which I had already read and studied with infinite astonishment) that 
rendered credible to me all the miracles described by various writers. And if any 
doubt had remained the book which Father Buonaventura Cavalieri"? has 
recently published on the subject of the burning glass [specchio ustorio] and 
which I have read with admiration would have removed the last difficulty. 


12 One of the most active investigators among Galileo’s contemporaries; born at Milan 1598; died at 
Bologna 1647; a Jesuit father, first to introduce the use of logarithms into Italy and first to derive the 
expression for the focal length of a lens having unequal radii of curvature. His “method of indivisibles” is to 
be reckoned as a precursor of the infinitesimal calculus. [Trans. ] 


Sagr. I also have seen this treatise and have read it with pleasure and 
astonishment; and knowing the author I was confirmed in the opinion which I 
had already formed of him that he was destined to become one of the leading 


mathematicians of our age. But now, with regard to the surprising effect of solar 
rays in melting metals, must we believe that such a furious action is devoid of 
motion or that it is accompanied by the most rapid of motions? 


Salv. We observe that other combustions and resolutions are accompanied by 
motion, and that, the most rapid; note the action of lightning and of powder as 
used in mines and petards; note also how the charcoal flame, mixed as it is with 
heavy and impure vapors, increases its power to liquify metals whenever 
quickened by a pair of bellows. Hence I do not understand how the action of 
light, although very pure, can be devoid of motion and that of the swiftest type. 


Sagr. But of what kind and how great must we consider this speed of light to be? 
Is it instantaneous or momentary or does it like other motions require time? Can 
we not decide this by experiment? 


Simp. Everyday experience shows that the propagation of light is instantaneous; 
for when we see a piece of artillery fired, at great distance, the flash reaches our 
eyes without lapse of time; but the sound reaches the ear only after a noticeable 
interval. 


Sagr. Well, Simplicio, the only thing I am able to infer from this familiar bit of 
experience is that sound, in reaching our ear, travels more slowly than light; it 
does not inform me whether the coming of the light is instantaneous or whether, 
although extremely rapid, it still occupies time. An observation of this kind tells 
us nothing more than one in which it is claimed that “As soon as the sun reaches 
the horizon its light reaches our eyes”; but who will assure me that these rays 
had not reached this limit earlier than they reached our vision? 


Salv. The small conclusiveness of these and other similar observations once led 
me to devise a method by which one might accurately ascertain whether 
illumination, i. e., the propagation of light, is really instantaneous. The fact that 
the speed of sound is as high as it is, assures us that the motion of light cannot 
fail to be extraordinarily swift. The experiment which I devised was as follows: 
Let each of two persons take a light contained in a lantern, or other 
receptacle, such that by the interposition of the hand, the one can shut off or 
admit the light to the vision of the other. Next let them stand opposite each other 
at a distance of a few cubits and practice until they acquire such skill in 
uncovering and occulting their lights that the instant one sees the light of his 
companion he will uncover his own. After a few trials the response will be so 


prompt that without sensible error [svario] the uncovering of one light is 
immediately followed by the uncovering of the other, so that as soon as one 
exposes his light he will instantly see that of the other. Having acquired skill at 
this short distance let the two experimenters, equipped as before, take up 
positions separated by a distance of two or three miles and let them perform the 
same experiment at night, noting carefully whether the exposures and 
occultations occur in the same manner as at short distances; if they do, we may 
safely conclude that the propagation of light is instantaneous; but if time is 
required at a distance of three miles which, considering the going of one light 
and the coming of the other, really amounts to six, then the delay ought to be 
easily observable. If the experiment is to be made at still greater distances, say 
eight or ten miles, telescopes may be employed, each observer adjusting one for 
himself at the place where he is to make the experiment at night; then although 
the lights are not large and are therefore invisible to the naked eye at so great a 
distance, they can readily be covered and uncovered since by aid of the 
telescopes, once adjusted and fixed, they will become easily visible. 


Sagr. This experiment strikes me as a clever and reliable invention. But tell us 
what you conclude from the results. 


Salv. In fact I have tried the experiment only at a short distance, less than a mile, 
from which I have not been able to ascertain with certainty whether the 
appearance of the opposite light was instantaneous or not; but if not 
instantaneous it is extraordinarily rapid — I should call it momentary; and for 
the present I should compare it to motion which we see in the lightning flash 
between clouds eight or ten miles distant from us. We see the beginning of this 
light — I might say its head and source — located at a particular place among 
the clouds; but it immediately spreads to the surrounding ones, which seems to 
be an argument that at least some time is required for propagation; for if the 
illumination were instantaneous and not gradual, we should not be able to 
distinguish its origin — its center, so to speak — from its outlying portions. 
What a sea we are gradually slipping into without knowing it! With vacua and 
infinities and indivisibles and instantaneous motions, shall we ever be able, even 
by means of a thousand discussions, to reach dry land? 

Sagr. Really these matters lie far beyond our grasp. Just think; when we seek the 
infinite among numbers we find it in unity; that which is ever divisible is derived 
from indivisibles; the vacuum is found inseparably connected with the plenum; 
indeed the views commonly held concerning the nature of these matters are so 
reversed that even the circumference of a circle turns out to be an infinite 


straight line, a fact which, if my memory serves me correctly, you, Salviati, were 
intending to demonstrate geometrically. Please therefore proceed without further 
digression. 


Salv. I am at your service; but for the sake of greater clearness let me first 
demonstrate the following problem: 

Given a straight line divided into unequal parts which bear to each other any 
ratio whatever, to describe a circle such that two straight lines drawn from the 
ends of the given line to any point on the circumference will bear to each other 
the same ratio as the two parts of the given line, thus making those lines which 
are drawn from the same terminal points homologous. 

Let AB represent the given straight line divided into any two unequal parts by 
the point C; the problem is to describe a circle such that two straight lines drawn 
from the terminal points, A and B, to any point on the circumference will bear to 
each other the same ratio as the part AC bears to BC, so that lines drawn from 
the same terminal points are homologous. About C as center describe a circle 
having the shorter part CB of the given line, as radius. Through A draw a 
straight line AD which shall be tangent to the circle at D and indefinitely 
prolonged toward E. Draw the radius CD which will be perpendicular to AE. At 
B erect a perpendicular to AB; this perpendicular will intersect AE at some point 
since the angle at A is acute; call this point of intersection E, and from it draw a 
perpendicular to AE which will intersect AB prolonged in F. Now I say the two 
straight lines FE and FC are equal. For if we join E and C, we shall have two 
triangles, DEC and BEC, in which the two sides of the one, DE and EC, are 
equal to the two sides of the other, BE and EC, both DE and EB being tangents 
to the circle DB while the bases DC and CB are likewise equal; hence the two 
angles, DEC and BEC, will be equal. Now since the angle BCE differs from a 
right angle by the angle CEB, and the angle CEF also differs from a right angle 
by the angle CED, and since these differences are equal, it follows that the angle 
FCE is equal to CEF; consequently the sides FE and FC are equal. If we describe 
a circle with F as center and FE as radius it will pass through the point C; let 
CEG be such a circle. This is the circle sought, for if we draw lines from the 
terminal points A and B to any point on its circumference they will bear to each 
other the same ratio as the two portions AC and BC which meet at the point C. 
This is manifest in the case of the two lines AE and BE, meeting at the point E, 
because the angle E of the triangle AEB is bisected by the line CE, and therefore 
AC:CB=AE:BE. The same may be proved of the two lines AG and BG 
terminating in the point G. For since the triangles AFE and EFB are similar, we 
have AF:FE=EF:FB, or AF:FC=CF:FB, and dividendo AC:CF=CB:BF, or 


AC:FG=CB:BF; also componendo we have both AB:BG=CB:BF and 
AG:GB=CF:FB=AE:EB=AC:BC. 
q. e.d. 
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Besides, I may add, that it is impossible for lines which maintain this same 
ratio and which are drawn from the terminal points, A and B, to meet at any 
point either inside or outside the circle, CEG. For suppose this were possible; let 
AL and BL be two such lines intersecting at the point L outside the circle: 
prolong LB till it meets the circumference at M and join MF. If 
AL:BL=AC:BC=MF:FB, then we shall have two triangles ALB and MFB which 
have the sides about the two angles proportional, the angles at the vertex, B, 
equal, and the two remaining angles, FMB and LAB, less than right angles 
(because the right angle at M has for its base the entire diameter CG and not 
merely a part BF: and the other angle at the point A is acute because the line AL, 
the homologue of AC, is greater than BL, the homologue of BC). From this it 
follows that the triangles ABL and MBF are similar and therefore 
AB:BL=MB:BF, making the rectangle AB.BF=MB.BL; but it has been 
demonstrated that the rectangle AB.BF is equal to CB.BG; whence it would 
follow that the rectangle MB.BL is equal to the rectangle CB.BG which is 


impossible; therefore the intersection cannot fall outside the circle. And in like 
manner we can show that it cannot fall inside; hence all these intersections fall 
on the circumference. 

But now it is time for us to go back and grant the request of Simplicio by 
showing him that it is not only not impossible to resolve a line into an infinite 
number of points but that this is quite as easy as to divide it into its finite parts. 
This I will do under the following condition which I am sure, Simplicio, you will 
not deny me, namely, that you will not require me to separate the points, one 
from the other, and show them to you, one by one, on this paper; for I should be 
content that you, without separating the four or six parts of a line from one 
another, should show me the marked divisions or at most that you should fold 
them at angles forming a square or a hexagon: for, then, I am certain you would 
consider the division distinctly and actually accomplished. 


Simp. I certainly should. 


Salv. If now the change which takes place when you bend a line at angles so as 
to form now a square, now an octagon, now a polygon of forty, a hundred or a 
thousand angles, is sufficient to bring into actuality the four, eight, forty, 
hundred, and thousand parts which, according to you, existed at first only 
potentially in the straight line, may I not say, with equal right, that, when I have 
bent the straight line into a polygon having an infinite number of sides, i. e., into 
a circle, I have reduced to actuality that infinite number of parts which you 
claimed, while it was straight, were contained in it only potentially? Nor can one 
deny that the division into an infinite number of points is just as truly 
accomplished as the one into four parts when the square is formed or into a 
thousand parts when the millagon is formed; for in such a division the same 
conditions are satisfied as in the case of a polygon of a thousand or a hundred 
thousand sides. Such a polygon laid upon a straight line touches it with one of its 
sides, i. e., with one of its hundred thousand parts; while the circle which is a 
polygon of an infinite number of sides touches the same straight line with one of 
its sides which is a single point different from all its neighbors and therefore 
separate and distinct in no less degree than is one side of a polygon from the 
other sides. And just as a polygon, when rolled along a plane, marks out upon 
this plane, by the successive contacts of its sides, a straight line equal to its 
perimeter, so the circle rolled upon such a plane also traces by its infinite 
succession of contacts a straight line equal in length to its own circumference. I 
am willing, Simplicio, at the outset, to grant to the Peripatetics the truth of their 
opinion that a continuous quantity [il continuo] is divisible only into parts which 


are still further divisible so that however far the division and subdivision be 
continued no end will be reached; but I am not so certain that they will concede 
to me that none of these divisions of theirs can be a final one, as is surely the 
fact, because there always remains “another”; the final and ultimate division is 
rather one which resolves a continuous quantity into an infinite number of 
indivisible quantities, a result which I grant can never be reached by successive 
division into an ever-increasing number of parts. But if they employ the method 
which I propose for separating and resolving the whole of infinity [tutta la 
infinita], at a single stroke (an artifice which surely ought not to be denied me), I 
think that they would be contented to admit that a continuous quantity is built up 
out of absolutely indivisible atoms, especially since this method, perhaps better 
than any other, enables us to avoid many intricate labyrinths, such as cohesion in 
solids, already mentioned, and the question of expansion and contraction, 
without forcing upon us the objectionable admission of empty spaces [in solids] 
which carries with it the penetrability of bodies. Both of these objections, it 
appears to me, are avoided if we accept the above-mentioned view of indivisible 
constituents. 


Simp. I hardly know what the Peripatetics would say since the views advanced 
by you would strike them as mostly new, and as such we must consider them. It 
is however not unlikely that they would find answers and solutions for these 
problems which I, for want of time and critical ability, am at present unable to 
solve. Leaving this to one side for the moment, I should like to hear how the 
introduction of these indivisible quantities helps us to understand contraction and 
expansion avoiding at the same time the vacuum and the penetrability of bodies. 


Sagr. I also shall listen with keen interest to this same matter which is far from 
clear in my mind; provided I am allowed to hear what, a moment ago, Simplicio 
suggested we omit, namely, the reasons which Aristotle offers against the 
existence of the vacuum and the arguments which you must advance in rebuttal. 


Salv. I will do both. And first, just as, for the production of expansion, we 
employ the line described by the small circle during one rotation of the large one 
— a line greater than the circumference of the small circle — so, in order to 
explain contraction, we point out that, during each rotation of the smaller circle, 
the larger one describes a straight line which is shorter than its circumference. 
For the better understanding of this we proceed to the consideration of what 
happens in the case of polygons. Employing a figure similar to the earlier one, 
construct the two hexagons, ABC and HIK, about the common center L, and let 


them roll along the parallel lines HOM and ABc. Now holding the vertex I fixed, 
allow the smaller polygon to rotate until the side IK lies upon the parallel, during 
which motion the point K will describe the arc KM, and the side KI will coincide 
with IM. Let us see what, in the meantime, the side CB of the larger polygon has 
been doing. Since the rotation is about the point I, the terminal point B, of the 
line IB, moving backwards, will describe the arc Bb underneath the parallel cA 
so that when the side KI coincides with the line MI, the side BC will coincide 
with bc, having advanced only through the distance Bc, but having retreated 
through a portion of the line BA which subtends the arc Bb. If we allow the 
rotation of the smaller polygon to go on it will traverse and describe along its 
parallel a line equal to its perimeter; while the larger one will traverse and 
describe a line less than its perimeter by as many times the length bB as there are 
sides less one; this line is approximately equal to that described by the smaller 
polygon exceeding it only by the distance bB. Here now we see, without any 
difficulty, why the larger polygon, when carried by the smaller, does not 
measure off with its sides a line longer than that traversed by the smaller one; 
this is because a portion of each side is superposed upon its immediately 
preceding neighbor. 

Let us next consider two circles, having a common center at A, and lying 
upon their respective parallels, the smaller being tangent to its parallel at the 
point B; the larger, at the point C. Here when the small circle commences to roll 
the point B does not remain at rest for a while so as to allow BC to move 
backward and carry with it the point C, as happened in the case of the polygons, 
where the point I remained fixed until the side KI coincided with MI and the line 
IB carried the terminal point B backward as far as b, so that the side BC fell 
upon bc, thus superposing upon the line BA, the portion Bb, and advancing by 
an amount Bc, equal to MI, that is, to one side of the smaller polygon. On 
account of these superpositions, which are the excesses of the sides of the larger 
over the smaller polygon, each net advance is equal to one side of the smaller 
polygon and, during one complete rotation, these amount to a straight line equal 
in length to the perimeter of the smaller polygon. 
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But now reasoning in the same way concerning the circles, we must observe 
that whereas the number of sides in any polygon is comprised within a certain 
limit, the number of sides in a circle is infinite; the former are finite and 
divisible; the latter infinite and indivisible. In the case of the polygon, the 
vertices remain at rest during an interval of time which bears to the period of one 
complete rotation the same ratio which one side bears to the perimeter; likewise, 
in the case of the circles, the delay of each of the infinite number of vertices is 
merely instantaneous, because an instant is such a fraction of a finite interval as 
a point is of a line which contains an infinite number of points. The retrogression 
of the sides of the larger polygon is not equal to the length of one of its sides but 
merely to the excess of such a side over one side of the smaller polygon, the net 
advance being equal to this smaller side; but in the circle, the point or side C, 
during the instantaneous rest of B, recedes by an amount equal to its excess over 
the side B, making a net progress equal to B itself. In short the infinite number of 
indivisible sides of the greater circle with their infinite number of indivisible 
retrogressions, made during the infinite number of instantaneous delays of the 


infinite number of vertices of the smaller circle, together with the infinite 
number of progressions, equal to the infinite number of sides in the smaller 
circle — all these, I say, add up to a line equal to that described by the smaller 
circle, a line which contains an infinite number of infinitely small 
superpositions, thus bringing about a thickening or contraction without any 
overlapping or interpenetration of finite parts. This result could not be obtained 
in the case of a line divided into finite parts such as is the perimeter of any 
polygon, which when laid out in a straight line cannot be shortened except by the 
overlapping and interpenetration of its sides. This contraction of an infinite 
number of infinitely small parts without the interpenetration or overlapping of 
finite parts and the previously mentioned [p. 70, Nat. Ed.] expansion of an 
infinite number of indivisible parts by the interposition of indivisible vacua is, in 
my opinion, the most that can be said concerning the contraction and rarefaction 
of bodies, unless we give up the impenetrability of matter and introduce empty 
spaces of finite size. If you find anything here that you consider worth while, 
pray use it; if not regard it, together with my remarks, as idle talk; but this 
remember, we are dealing with the infinite and the indivisible. 


Sagr. I frankly confess that your idea is subtle and that it impresses me as new 
and strange; but whether, as a matter of fact, nature actually behaves according 
to such a law I am unable to determine; however, until I find a more satisfactory 
explanation I shall hold fast to this one. Perhaps Simplicio can tell us something 
which I have not yet heard, namely, how to explain the explanation which the 
philosophers have given of this abstruse matter; for, indeed, all that I have 
hitherto read concerning contraction is so dense and that concerning expansion 
so thin that my poor brain can neither penetrate the former nor grasp the latter. 


Simp. I am all at sea and find difficulties in following either path, especially this 
new one; because according to this theory an ounce of gold might be rarefied 
and expanded until its size would exceed that of the earth, while the earth, in 
turn, might be condensed and reduced until it would become smaller than a 
walnut, something which I do not believe; nor do I believe that you believe it. 
The arguments and demonstrations which you have advanced are mathematical, 
abstract, and far removed from concrete matter; and I do not believe that when 
applied to the physical and natural world these laws will hold. 


Salv. I am not able to render the invisible visible, nor do I think that you will ask 
this. But now that you mention gold, do not our senses tell us that that metal can 
be immensely expanded? I do not know whether you have observed the method 


employed by those who are skilled in drawing gold wire, of which really only 
the surface is gold, the inside material being silver. The way they draw it is as 
follows: they take a cylinder or, if you please, a rod of silver, about half a cubit 
long and three or four times as wide as one’s thumb; this rod they cover with 
gold-leaf which is so thin that it almost floats in air, putting on not more than 
eight or ten thicknesses. Once gilded they begin to pull it, with great force, 
through the holes of a draw-plate; again and again it is made to pass through 
smaller and smaller holes, until, after very many passages, it is reduced to the 
fineness of a lady’s hair, or perhaps even finer; yet the surface remains gilded. 
Imagine now how the substance of this gold has been expanded and to what 
fineness it has been reduced. 


Simp. I do not see that this process would produce, as a consequence, that 
marvellous thinning of the substance of the gold which you suggest: first, 
because the original gilding consisting of ten layers of gold-leaf has a sensible 
thickness; secondly, because in drawing out the silver it grows in length but at 
the same time diminishes proportionally in thickness; and, since one dimension 
thus compensates the other, the area will not be so increased as to make it 
necessary during the process of gilding to reduce the thinness of the gold beyond 
that of the original leaves. 


Salv. You are greatly mistaken, Simplicio, because the surface increases directly 
as the square root of the length, a fact which I can demonstrate geometrically. 


Sagr. Please give us the demonstration not only for my own sake but also for 
Simplicio provided you think we can understand it. 


Salv. I'll see if I can recall it on the spur of the moment. At the outset, it is clear 
that the original thick rod of silver and the wire drawn out to an enormous length 
are two cylinders of the same volume, since they are the same body of silver. So 
that, if I determine the ratio between the surfaces of cylinders of the same 
volume, the problem will be solved. I say then, 

The areas of cylinders of equal volumes, neglecting the bases, bear to each 
other a ratio which is the square root of the ratio of their lengths. 

Take two cylinders of equal volume having the altitudes AB and CD, between 
which the line E is a mean proportional. Then I claim that, omitting the bases of 
each cylinder, the surface of the cylinder AB is to that of the cylinder CD as the 
length AB is to the line E, that is, as the square root of AB is to the square root 
of CD. Now cut off the cylinder AB at F so that the altitude AF is equal to CD. 


Then since the bases of cylinders of equal volume bear to one another the 
inverse ratio of their heights, it follows that the area of the circular base of the 
cylinder CD will be to the area of the circular base of AB as the altitude BA is to 
DC: moreover, since circles are to one another as the squares of their diameters, 
the said squares will be to each other as BA is to CD. But BA is to CD as the 
square of BA is to the square of E: and, therefore, these four squares will form a 
proportion; and likewise their sides; so the line AB is to E as the diameter of 
circle C is to the diameter of the circle A. But the diameters are proportional to 
the circumferences and the circumferences are proportional to the areas of 
cylinders of equal height; hence the line AB is to E as the surface of the cylinder 
CD is to the surface of the cylinder AF. Now since the height AF is to AB as the 
surface of AF is to the surface of AB; and since the height AB is to the line E as 
the surface CD is to AF, it follows, ex æœquali in proportione perturbata,” that 
the height AF is to E as the surface CD is to the surface AB, and convertendo, 
the surface of the cylinder AB is to the surface of the cylinder CD as the line E is 
to AF, i. e., to CD, or as AB is to E which is the square root of the ratio of AB to 
CD. 
q. e.d. 


13 See Euclid, Book V, Def. 20., Todhunter’s Ed., p. 137 (London, 1877.) [Trans.] 
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If now we apply these results to the case in hand, and assume that the silver 
cylinder at the time of gilding had a length of only half a cubit and a thickness 
three or four times that of one’s thumb, we shall find that, when the wire has 
been reduced to the fineness of a hair and has been drawn out to a length of 
twenty thousand cubits (and perhaps more), the area of its surface will have been 
increased not less than two hundred times. Consequently the ten leaves of gold 
which were laid on have been extended over a surface two hundred times 
greater, assuring us that the thickness of the gold which now covers the surface 
of so many cubits of wire cannot be greater than one twentieth that of an 
ordinary leaf of beaten gold. Consider now what degree of fineness it must have 
and whether one could conceive it to happen in any other way than by enormous 
expansion of parts; consider also whether this experiment does not suggest that 
physical bodies [materie fisiche] are composed of infinitely small indivisible 
particles, a view which is supported by other more striking and conclusive 
examples. 


Sagr. This demonstration is so beautiful that, even if it does not have the 
cogency originally intended, — although to my mind, it is very forceful — the 
short time devoted to it has nevertheless been most happily spent. 


Salv. Since you are so fond of these geometrical demonstrations, which carry 
with them distinct gain, I will give you a companion theorem which answers an 
extremely interesting query. We have seen above what relations hold between 
equal cylinders of different height or length; let us now see what holds when the 
cylinders are equal in area but unequal in height, understanding area to include 
the curved surface, but not the upper and lower bases. The theorem is: 

The volumes of right cylinders having equal curved surfaces are inversely 
proportional to their altitudes. 

Let the surfaces of the two cylinders, AE and CF, be equal but let the height 
of the latter, CD, be greater than that of the former, AB: then I say that the 
volume of the cylinder AE is to that of the cylinder CF as the height CD is to 
AB. Now since the surface of CF is equal to the surface of AE, it follows that the 
volume of CF is less than that of AE; for, if they were equal, the surface of CF 
would, by the preceding proposition, exceed that of AE, and the excess would be 
so much the greater if the volume of the cylinder CF were greater than that of 
AE. Let us now take a cylinder ID having a volume equal to that of AE; then, 
according to the preceding theorem, the surface of the cylinder ID is to the 
surface of AE as the altitude IF is to the mean proportional between IF and AB. 
But since one datum of the problem is that the surface of AE is equal to that of 
CF, and since the surface ID is to the surface CF as the altitude IF is to the 
altitude CD, it follows that CD is a mean proportional between IF and AB. Not 
only so, but since the volume of the cylinder ID is equal to that of AE, each will 
bear the same ratio to the volume of the cylinder CF; but the volume ID is to the 
volume CF as the altitude IF is to the altitude CD; hence the volume of AE is to 
the volume of CF as the length IF is to the length CD, that is, as the length CD is 
to the length AB. 

q. e.d. 
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This explains a phenomenon upon which the common people always look 
with wonder, namely, if we have a piece of stuff which has one side longer than 
the other, we can make from it a cornsack, using the customary wooden base, 
which will hold more when the short side of the cloth is used for the height of 
the sack and the long side is wrapped around the wooden base, than with the 
alternative arrangement. So that, for instance, from a piece of cloth which is six 
cubits on one side and twelve on the other, a sack can be made which will hold 
more when the side of twelve cubits is wrapped around the wooden base, leaving 
the sack six cubits high than when the six cubit side is put around the base 
making the sack twelve cubits high. From what has been proven above we learn 
not only the general fact that one sack holds more than the other, but we also get 
specific and particular information as to how much more, namely, just in 
proportion as the altitude of the sack diminishes the contents increase and vice 
versa. Thus if we use the figures given which make the cloth twice as long as 
wide and if we use the long side for the seam, the volume of the sack will be just 
one-half as great as with the opposite arrangement. Likewise if we have a piece 


of matting which measures 7 x 25 cubits and make from it a basket, the contents 
of the basket will, when the seam is lengthwise, be seven as compared with 
twenty-five when the seam runs endwise. 


Sagr. It is with great pleasure that we continue thus to acquire new and useful 
information. But as regards the subject just discussed, I really believe that, 
among those who are not already familiar with geometry, you would scarcely 
find four persons in a hundred who would not, at first sight, make the mistake of 
believing that bodies having equal surfaces would be equal in other respects. 
Speaking of areas, the same error is made when one attempts, as often happens, 
to determine the sizes of various cities by measuring their boundary lines, 
forgetting that the circuit of one may be equal to the circuit of another while the 
area of the one is much greater than that of the other. And this is true not only in 
the case of irregular, but also of regular surfaces, where the polygon having the 
greater number of sides always contains a larger area than the one with the less 
number of sides, so that finally the circle which is a polygon of an infinite 
number of sides contains the largest area of all polygons of equal perimeter. I 
remember with particular pleasure having seen this demonstration when I was 
studying the sphere of Sacrobosco“ with the aid of a learned commentary. 


14 See interesting biographical note on Sacrobosco [John Holywood] in Ency. Brit., 11th Ed. [Trans.] 


Salv. Very true! I too came across the same passage which suggested to me a 
method of showing how, by a single short demonstration, one can prove that the 
circle has the largest content of all regular isoperimetric figures; and that, of 
other figures, the one which has the larger number of sides contains a greater 
area than that which has the smaller number. 


Sagr. Being exceedingly fond of choice and uncommon propositions, I beseech 
you to let us have your demonstration. 


Salv. I can do this in a few words by proving the following theorem: 

The area of a circle is a mean proportional between any two regular and 
similar polygons of which one circumscribes it and the other is isoperimetric 
with it. In addition, the area of the circle is less than that of any circumscribed 
polygon and greater than that of any isoperimetric polygon. And further, of these 
circumscribed polygons, the one which has the greater number of sides is 
smaller than the one which has a less number; but, on the other hand, that 
isoperimetric polygon which has the greater number of sides is the larger. 


Let A and B be two similar polygons of which A circumscribes the given 
circle and B is isoperimetric with it. The area of the circle will then be a mean 
proportional between the areas of the polygons. For if we indicate the radius of 
the circle by AC and if we remember that the area of the circle is equal to that of 
a right-angled triangle in which one of the sides about the right angle is equal to 
the radius, AC, and the other to the circumference; and if likewise we remember 
that the area of the polygon A is equal to the area of a right-angled triangle one 
of whose sides about the right angle has the same length as AC and the other is 
equal to the perimeter of the polygon itself; it is then manifest that the 
circumscribed polygon bears to the circle the same ratio which its perimeter 
bears to the circumference of the circle, or to the perimeter of the polygon B 
which is, by hypothesis, equal to the circumference of the circle. But since the 
polygons A and B are similar their areas are to each other as the squares of their 
perimeters; hence the area of the circle A is a mean proportional between the 
areas of the two polygons A and B. And since the area of the polygon A is 
greater than that of the circle A, it is clear that the area of the circle A is greater 
than that of the isoperimetric polygon B, and is therefore the greatest of all 
regular polygons having the same perimeter as the circle. 





Fig. 12 


We now demonstrate the remaining portion of the theorem, which is to prove 
that, in the case of polygons circumscribing a given circle, the one having the 
smaller number of sides has a larger area than one having a greater number of 
sides; but that on the other hand, in the case of isoperimetric polygons, the one 
having the more sides has a larger area than the one with less sides. To the circle 
which has O for center and OA for radius draw the tangent AD; and on this 
tangent lay off, say, AD which shall represent one-half of the side of a 
circumscribed pentagon and AC which shall represent one-half of the side of a 
heptagon; draw the straight lines OGC and OFD; then with O as a center and OC 
as radius draw the arc ECI. Now since the triangle DOC is greater than the sector 
EOC and since the sector COI is greater than the triangle COA, it follows that 
the triangle DOC bears to the triangle COA a greater ratio than the sector EOC 
bears to the sector COI, that is, than the sector FOG bears to the sector GOA. 


Hence, componendo et permutando, the triangle DOA bears to the sector FOA a 
greater ratio than that which the triangle COA bears to the sector GOA, and also 
10 such triangles DOA bear to 10 such sectors FOA a greater ratio than 14 such 
triangles COA bear to 14 such sectors GOA, that is to say, the circumscribed 
pentagon bears to the circle a greater ratio than does the heptagon. Hence the 
pentagon exceeds the heptagon in area. 

But now let us assume that both the heptagon and the pentagon have the same 
perimeter as that of a given circle. Then I say the heptagon will contain a larger 
area than the pentagon. For since the area of the circle is a mean proportional 
between areas of the circumscribed and of the isoperimetric pentagons, and since 
likewise it is a mean proportional between the circumscribed and isoperimetric 
heptagons, and since also we have proved that the circumscribed pentagon is 
larger than the circumscribed heptagon, it follows that this circumscribed 
pentagon bears to the circle a larger ratio than does the heptagon, that is, the 
circle will bear to its isoperimetric pentagon a greater ratio than to its 
isoperimetric heptagon. Hence the pentagon is smaller than its isoperimetric 
heptagon. 

q. e.d. 


Sagr. A very clever and elegant demonstration! But how did we come to plunge 
into geometry while discussing the objections urged by Simplicio, objections of 
great moment, especially that one referring to density which strikes me as 
particularly difficult? 


Salv. If contraction and expansion [condensazione e rarefazzione] consist in 
contrary motions, one ought to find for each great expansion a correspondingly 
large contraction. But our surprise is increased when, every day, we see 
enormous expansions taking place almost instantaneously. Think what a 
tremendous expansion occurs when a small quantity of gunpowder flares up into 
a vast volume of fire! Think too of the almost limitless expansion of the light 
which it produces! Imagine the contraction which would take place if this fire 
and this light were to reunite, which, indeed, is not impossible since only a little 
while ago they were located together in this small space. You will find, upon 
observation, a thousand such expansions for they are more obvious than 
contractions since dense matter is more palpable and accessible to our senses. 
We can take wood and see it go up in fire and light, but we do not see them 
recombine to form wood; we see fruits and flowers and a thousand other solid 
bodies dissolve largely into odors, but we do not observe these fragrant atoms 
coming together to form fragrant solids. But where the senses fail us reason must 


step in; for it will enable us to understand the motion involved in the 
condensation of extremely rarefied and tenuous substances just as clearly as that 
involved in the expansion and dissolution of solids. Moreover we are trying to 
find out how it is possible to produce expansion and contraction in bodies which 
are capable of such changes without introducing vacua and without giving up the 
impenetrability of matter; but this does not exclude the possibility of there being 
materials which possess no such properties and do not, therefore, carry with 
them consequences which you call inconvenient and impossible. And finally, 
Simplicio, I have, for the sake of you philosophers, taken pains to find an 
explanation of how expansion and contraction can take place without our 
admitting the penetrability of matter and introducing vacua, properties which 
you deny and dislike; if you were to admit them, I should not oppose you so 
vigorously. Now either admit these difficulties or accept my views or suggest 
something better. 


Sagr. I quite agree with the peripatetic philosophers in denying the penetrability 
of matter. As to the vacua I should like to hear a thorough discussion of 
Aristotle’s demonstration in which he opposes them, and what you, Salviati, 
have to say in reply. I beg of you, Simplicio, that you give us the precise proof of 
the Philosopher and that you, Salviati, give us the reply. 


Simp. So far as I remember, Aristotle inveighs against the ancient view that a 
vacuum is a necessary prerequisite for motion and that the latter could not occur 
without the former. In opposition to this view Aristotle shows that it is precisely 
the phenomenon of motion, as we shall see, which renders untenable the idea of 
a vacuum. His method is to divide the argument into two parts. He first supposes 
bodies of different weights to move in the same medium; then supposes, one and 
the same body to move in different media. In the first case, he supposes bodies 
of different weight to move in one and the same medium with different speeds 
which stand to one another in the same ratio as the weights; so that, for example, 
a body which is ten times as heavy as another will move ten times as rapidly as 
the other. In the second case he assumes that the speeds of one and the same 
body moving in different media are in inverse ratio to the densities of these 
media; thus, for instance, if the density of water were ten times that of air, the 
speed in air would be ten times greater than in water. From this second 
supposition, he shows that, since the tenuity of a vacuum differs infinitely from 
that of any medium filled with matter however rare, any body which moves in a 
plenum through a certain space in a certain time ought to move through a 


vacuum instantaneously; but instantaneous motion is an impossibility; it is 
therefore impossible that a vacuum should be produced by motion. 


Salv. The argument is, as you see, ad hominem, that is, it is directed against 
those who thought the vacuum a prerequisite for motion. Now if I admit the 
argument to be conclusive and concede also that motion cannot take place in a 
vacuum, the assumption of a vacuum considered absolutely and not with 
reference to motion, is not thereby invalidated. But to tell you what the ancients 
might possibly have replied and in order to better understand just how 
conclusive Aristotle’s demonstration is, we may, in my opinion, deny both of his 
assumptions. And as to the first, I greatly doubt that Aristotle ever tested by 
experiment whether it be true that two stones, one weighing ten times as much as 
the other, if allowed to fall, at the same instant, from a height of, say, 100 cubits, 
would so differ in speed that when the heavier had reached the ground, the other 
would not have fallen more than 10 cubits. 


Simp. His language would seem to indicate that he had tried the experiment, 
because he says: We see the heavier; now the word see shows that he had made 
the experiment. 


Sagr. But I, Simplicio, who have made the test can assure you that a cannon ball 
weighing one or two hundred pounds, or even more, will not reach the ground by 
as much as a span ahead of a musket ball weighing only half a pound, provided 
both are dropped from a height of 200 cubits. 


Salv. But, even without further experiment, it is possible to prove clearly, by 
means of a short and conclusive argument, that a heavier body does not move 
more rapidly than a lighter one provided both bodies are of the same material 
and in short such as those mentioned by Aristotle. But tell me, Simplicio, 
whether you admit that each falling body acquires a definite speed fixed by 
nature, a velocity which cannot be increased or diminished except by the use of 
force [violenza] or resistance. 


Simp. There can be no doubt but that one and the same body moving in a single 
medium has a fixed velocity which is determined by nature and which cannot be 
increased except by the addition of momentum [impeto] or diminished except by 
some resistance which retards it. 


Salv. If then we take two bodies whose natural speeds are different, it is clear 
that on uniting the two, the more rapid one will be partly retarded by the slower, 
and the slower will be somewhat hastened by the swifter. Do you not agree with 
me in this opinion? 


Simp. You are unquestionably right. 


Salv. But if this is true, and if a large stone moves with a speed of, say, eight 
while a smaller moves with a speed of four, then when they are united, the 
system will move with a speed less than eight; but the two stones when tied 
together make a stone larger than that which before moved with a speed of eight. 
Hence the heavier body moves with less speed than the lighter; an effect which 
is contrary to your supposition. Thus you see how, from your assumption that 
the heavier body moves more rapidly than the lighter one, I infer that the heavier 
body moves more slowly. 

Simp. I am all at sea because it appears to me that the smaller stone when added 
to the larger increases its weight and by adding weight I do not see how it can 
fail to increase its speed or, at least, not to diminish it. 


Salv. Here again you are in error, Simplicio, because it is not true that the 
smaller stone adds weight to the larger. 


Simp. This is, indeed, quite beyond my comprehension. 


Salv. It will not be beyond you when I have once shown you the mistake under 
which you are laboring. Note that it is necessary to distinguish between heavy 
bodies in motion and the same bodies at rest. A large stone placed in a balance 
not only acquires additional weight by having another stone placed upon it, but 
even by the addition of a handful of hemp its weight is augmented six to ten 
ounces according to the quantity of hemp. But if you tie the hemp to the stone 
and allow them to fall freely from some height, do you believe that the hemp 
will press down upon the stone and thus accelerate its motion or do you think the 
motion will be retarded by a partial upward pressure? One always feels the 
pressure upon his shoulders when he prevents the motion of a load resting upon 
him; but if one descends just as rapidly as the load would fall how can it 
gravitate or press upon him? Do you not see that this would be the same as 
trying to strike a man with a lance when he is running away from you with a 
speed which is equal to, or even greater, than that with which you are following 
him? You must therefore conclude that, during free and natural fall, the small 


stone does not press upon the larger and consequently does not increase its 
weight as it does when at rest. 


Simp. But what if we should place the larger stone upon the smaller? 

Its weight would be increased if the larger stone moved more rapidly; but we 
have already concluded that when the small stone moves more slowly it retards 
to some extent the speed of the larger, so that the combination of the two, which 
is a heavier body than the larger of the two stones, would move less rapidly, a 
conclusion which is contrary to your hypothesis. We infer therefore that large 
and small bodies move with the same speed provided they are of the same 
specific gravity. 


Simp. Your discussion is really admirable; yet I do not find it easy to believe that 
a bird-shot falls as swiftly as a cannon ball. 


Salv. Why not say a grain of sand as rapidly as a grindstone? But, Simplicio, I 
trust you will not follow the example of many others who divert the discussion 
from its main intent and fasten upon some statement of mine which lacks a 
hair’s-breadth of the truth and, under this hair, hide the fault of another which is 
as big as a ship’s cable. Aristotle says that “an iron ball of one hundred pounds 
falling from a height of one hundred cubits reaches the ground before a one- 
pound ball has fallen a single cubit.” I say that they arrive at the same time. You 
find, on making the experiment, that the larger outstrips the smaller by two 
finger-breadths, that is, when the larger has reached the ground, the other is short 
of it by two finger-breadths; now you would not hide behind these two fingers 
the ninety-nine cubits of Aristotle, nor would you mention my small error and at 
the same time pass over in silence his very large one. Aristotle declares that 
bodies of different weights, in the same medium, travel (in so far as their motion 
depends upon gravity) with speeds which are proportional to their weights; this 
he illustrates by use of bodies in which it is possible to perceive the pure and 
unadulterated effect of gravity, eliminating other considerations, for example, 
figure as being of small importance [minimi momenti], influences which are 
greatly dependent upon the medium which modifies the single effect of gravity 
alone. Thus we observe that gold, the densest of all substances, when beaten out 
into a very thin leaf, goes floating through the air; the same thing happens with 
stone when ground into a very fine powder. But if you wish to maintain the 
general proposition you will have to show that the same ratio of speeds is 
preserved in the case of all heavy bodies, and that a stone of twenty pounds 
moves ten times as rapidly as one of two; but I claim that this is false and that, if 


they fall from a height of fifty or a hundred cubits, they will reach the earth at 
the same moment. 


Simp. Perhaps the result would be different if the fall took place not from a few 
cubits but from some thousands of cubits. 


Salv. If this were what Aristotle meant you would burden him with another error 
which would amount to a falsehood; because, since there is no such sheer height 
available on earth, it is clear that Aristotle could not have made the experiment; 
yet he wishes to give us the impression of his having performed it when he 
speaks of such an effect as one which we see. 


Simp. In fact, Aristotle does not employ this principle, but uses the other one 
which is not, I believe, subject to these same difficulties. 


Salv. But the one is as false as the other; and I am surprised that you yourself do 
not see the fallacy and that you do not perceive that if it were true that, in media 
of different densities and different resistances, such as water and air, one and the 
same body moved in air more rapidly than in water, in proportion as the density 
of water is greater than that of air, then it would follow that any body which falls 
through air ought also to fall through water. But this conclusion is false 
inasmuch as many bodies which descend in air not only do not descend in water, 
but actually rise. 


Simp. I do not understand the necessity of your inference; and in addition I will 
say that Aristotle discusses only those bodies which fall in both media, not those 
which fall in air but rise in water. 


Salv. The arguments which you advance for the Philosopher are such as he 
himself would have certainly avoided so as not to aggravate his first mistake. 
But tell me now whether the density [corpulenza] of the water, or whatever it 
may be that retards the motion, bears a definite ratio to the density of air which 
is less retardative; and if so fix a value for it at your pleasure. 


Simp. Such a ratio does exist; let us assume it to be ten; then, for a body which 
falls in both these media, the speed in water will be ten times slower than in air. 


Salv. I shall now take one of those bodies which fall in air but not in water, say a 
wooden ball, and I shall ask you to assign to it any speed you please for its 


descent through air. 
Simp. Let us suppose it moves with a speed of twenty. 


Salv. Very well. Then it is clear that this speed bears to some smaller speed the 
same ratio as the density of water bears to that of air; and the value of this 
smaller speed is two. So that really if we follow exactly the assumption of 
Aristotle we ought to infer that the wooden ball which falls in air, a substance 
ten times less-resisting than water, with a speed of twenty would fall in water 
with a speed of two, instead of coming to the surface from the bottom as it does; 
unless perhaps you wish to reply, which I do not believe you will, that the rising 
of the wood through the water is the same as its falling with a speed of two. But 
since the wooden ball does not go to the bottom, I think you will agree with me 
that we can find a ball of another material, not wood, which does fall in water 
with a speed of two. 


Simp. Undoubtedly we can; but it must be of a substance considerably heavier 
than wood. 


Salv. That is it exactly. But if this second ball falls in water with a speed of two, 
what will be its speed of descent in air? If you hold to the rule of Aristotle you 
must reply that it will move at the rate of twenty; but twenty is the speed which 
you yourself have already assigned to the wooden ball; hence this and the other 
heavier ball will each move through air with the same speed. But now how does 
the Philosopher harmonize this result with his other, namely, that bodies of 
different weight move through the same medium with different speeds — speeds 
which are proportional to their weights? But without going into the matter more 
deeply, how have these common and obvious properties escaped your notice? 
Have you not observed that two bodies which fall in water, one with a speed a 
hundred times as great as that of the other, will fall in air with speeds so nearly 
equal that one will not surpass the other by as much as one hundredth part? 
Thus, for example, an egg made of marble will descend in water one hundred 
times more rapidly than a hen’s egg, while in air falling from a height of twenty 
cubits the one will fall short of the other by less than four finger-breadths. In 
short, a heavy body which sinks through ten cubits of water in three hours will 
traverse ten cubits of air in one or two pulse-beats; and if the heavy body be a 
ball of lead it will easily traverse the ten cubits of water in less than double the 
time required for ten cubits of air. And here, I am sure, Simplicio, you find no 
ground for difference or objection. We conclude, therefore, that the argument 
does not bear against the existence of a vacuum; but if it did, it would only do 


away with vacua of considerable size which neither I nor, in my opinion, the 
ancients ever believed to exist in nature, although they might possibly be 
produced by force [violenza] as may be gathered from various experiments 
whose description would here occupy too much time. 


Sagr. Seeing that Simplicio is silent, I will take the opportunity of saying 
something. Since you have clearly demonstrated that bodies of different weights 
do not move in one and the same medium with velocities proportional to their 
weights, but that they all move with the same speed, understanding of course 
that they are of the same substance or at least of the same specific gravity; 
certainly not of different specific gravities, for I hardly think you would have us 
believe a ball of cork moves with the same speed as one of lead; and again since 
you have clearly demonstrated that one and the same body moving through 
differently resisting media does not acquire speeds which are inversely 
proportional to the resistances, I am curious to learn what are the ratios actually 
observed in these cases. 


Salv. These are interesting questions and I have thought much concerning them. 
I will give you the method of approach and the result which I finally reached. 
Having once established the falsity of the proposition that one and the same 
body moving through differently resisting media acquires speeds which are 
inversely proportional to the resistances of these media, and having also 
disproved the statement that in the same medium bodies of different weight 
acquire velocities proportional to their weights (understanding that this applies 
also to bodies which differ merely in specific gravity), I then began to combine 
these two facts and to consider what would happen if bodies of different weight 
were placed in media of different resistances; and I found that the differences in 
speed were greater in those media which were more resistant, that is, less 
yielding. This difference was such that two bodies which differed scarcely at all 
in their speed through air would, in water, fall the one with a speed ten times as 
great as that of the other. Further, there are bodies which will fall rapidly in air, 
whereas if placed in water not only will not sink but will remain at rest or will 
even rise to the top: for it is possible to find some kinds of wood, such as knots 
and roots, which remain at rest in water but fall rapidly in air. 


Sagr. I have often tried with the utmost patience to add grains of sand to a ball of 
wax until it should acquire the same specific gravity as water and would 
therefore remain at rest in this medium. But with all my care I was never able to 
accomplish this. Indeed, I do not know whether there is any solid substance 


whose specific gravity is, by nature, so nearly equal to that of water that if 
placed anywhere in water it will remain at rest. 


Salv. In this, as in a thousand other operations, men are surpassed by animals. In 
this problem of yours one may learn much from the fish which are very skillful 
in maintaining their equilibrium not only in one kind of water, but also in waters 
which are notably different either by their own nature or by some accidental 
muddiness or through salinity, each of which produces a marked change. So 
perfectly indeed can fish keep their equilibrium that they are able to remain 
motionless in any position. This they accomplish, I believe, by means of an 
apparatus especially provided by nature, namely, a bladder located in the body 
and communicating with the mouth by means of a narrow tube through which 
they are able, at will, to expel a portion of the air contained in the bladder: by 
rising to the surface they can take in more air; thus they make themselves 
heavier or lighter than water at will and maintain equilibrium. 


Sagr. By means of another device I was able to deceive some friends to whom I 
had boasted that I could make up a ball of wax that would be in equilibrium in 
water. In the bottom of a vessel I placed some salt water and upon this some 
fresh water; then I showed them that the ball stopped in the middle of the water, 
and that, when pushed to the bottom or lifted to the top, would not remain in 
either of these places but would return to the middle. 


Salv. This experiment is not without usefulness. For when physicians are testing 
the various qualities of waters, especially their specific gravities, they employ a 
ball of this kind so adjusted that, in certain water, it will neither rise nor fall. 
Then in testing another water, differing ever so slightly in specific gravity 
[peso], the ball will sink if this water be lighter and rise if it be heavier. And so 
exact is this experiment that the addition of two grains of salt to six pounds of 
water is sufficient to make the ball rise to the surface from the bottom to which it 
had fallen. To illustrate the precision of this experiment and also to clearly 
demonstrate the non-resistance of water to division, I wish to add that this 
notable difference in specific gravity can be produced not only by solution of 
some heavier substance, but also by merely heating or cooling; and so sensitive 
is water to this process that by simply adding four drops of another water which 
is slightly warmer or cooler than the six pounds one can cause the ball to sink or 
rise; it will sink when the warm water is poured in and will rise upon the 
addition of cold water. Now you can see how mistaken are those philosophers 


who ascribe to water viscosity or some other coherence of parts which offers 
resistance to separation of parts and to penetration. 


Sagr. With regard to this question I have found many convincing arguments in a 
treatise by our Academician; but there is one great difficulty of which I have not 
been able to rid myself, namely, if there be no tenacity or coherence between the 
particles of water how is it possible for those large drops of water to stand out in 
relief upon cabbage leaves without scattering or spreading out? 


Salv. Although those who are in possession of the truth are able to solve all 
objections raised, I would not arrogate to myself such power; nevertheless my 
inability should not be allowed to becloud the truth. To begin with let me 
confess that I do not understand how these large globules of water stand out and 
hold themselves up, although I know for a certainty, that it is not owing to any 
internal tenacity acting between the particles of water; whence it must follow 
that the cause of this effect is external. Beside the experiments already shown to 
prove that the cause is not internal, I can offer another which is very convincing. 
If the particles of water which sustain themselves in a heap, while surrounded by 
air, did so in virtue of an internal cause then they would sustain themselves 
much more easily when surrounded by a medium in which they exhibit less 
tendency to fall than they do in air; such a medium would be any fluid heavier 
than air, as, for instance, wine: and therefore if some wine be poured about such 
a drop of water, the wine might rise until the drop was entirely covered, without 
the particles of water, held together by this internal coherence, ever parting 
company. But this is not the fact; for as soon as the wine touches the water, the 
latter without waiting to be covered scatters and spreads out underneath the wine 
if it be red. The cause of this effect is therefore external and is possibly to be 
found in the surrounding air. Indeed there appears to be a considerable 
antagonism between air and water as I have observed in the following 
experiment. Having taken a glass globe which had a mouth of about the same 
diameter as a straw, I filled it with water and turned it mouth downwards; 
nevertheless, the water, although quite heavy and prone to descend, and the air, 
which is very light and disposed to rise through the water, refused, the one to 
descend and the other to ascend through the opening, but both remained 
stubborn and defiant. On the other hand, as soon as I apply to this opening a 
glass of red wine, which is almost inappreciably lighter than water, red streaks 
are immediately observed to ascend slowly through the water while the water 
with equal slowness descends through the wine without mixing, until finally the 
globe is completely filled with wine and the water has all gone down into the 


vessel below. What then can we say except that there exists, between water and 
air, a certain incompatibility which I do not understand, but perhaps.. .. 


Simp. I feel almost like laughing at the great antipathy which Salviati exhibits 
against the use of the word antipathy; and yet it is excellently adapted to explain 
the difficulty. 


Salv. Alright, if it please Simplicio, let this word antipathy be the solution of our 
difficulty. Returning from this digression, let us again take up our problem. We 
have already seen that the difference of speed between bodies of different 
specific gravities is most marked in those media which are the most resistant: 
thus, in a medium of quicksilver, gold not merely sinks to the bottom more 
rapidly than lead but it is the only substance that will descend at all; all other 
metals and stones rise to the surface and float. On the other hand the variation of 
speed in air between balls of gold, lead, copper, porphyry, and other heavy 
materials is so slight that in a fall of 100 cubits a ball of gold would surely not 
outstrip one of copper by as much as four fingers. Having observed this I came 
to the conclusion that in a medium totally devoid of resistance all bodies would 
fall with the same speed. 


Simp. This is a remarkable statement, Salviati. But I shall never believe that even 
in a vacuum, if motion in such a place were possible, a lock of wool and a bit of 
lead can fall with the same velocity. 


Salv. A little more slowly, Simplicio. Your difficulty is not so recondite nor am I 
so imprudent as to warrant you in believing that I have not already considered 
this matter and found the proper solution. Hence for my justification and for 
your enlightenment hear what I have to say. Our problem is to find out what 
happens to bodies of different weight moving in a medium devoid of resistance, 
so that the only difference in speed is that which arises from inequality of 
weight. Since no medium except one entirely free from air and other bodies, be it 
ever so tenuous and yielding, can furnish our senses with the evidence we are 
looking for, and since such a medium is not available, we shall observe what 
happens in the rarest and least resistant media as compared with what happens in 
denser and more resistant media. Because if we find as a fact that the variation of 
speed among bodies of different specific gravities is less and less according as 
the medium becomes more and more yielding, and if finally in a medium of 
extreme tenuity, though not a perfect vacuum, we find that, in spite of great 
diversity of specific gravity [peso], the difference in speed is very small and 


almost inappreciable, then we are justified in believing it highly probable that in 
a vacuum all bodies would fall with the same speed. Let us, in view of this, 
consider what takes place in air, where for the sake of a definite figure and light 
material imagine an inflated bladder. The air in this bladder when surrounded by 
air will weigh little or nothing, since it can be only slightly compressed; its 
weight then is small being merely that of the skin which does not amount to the 
thousandth part of a mass of lead having the same size as the inflated bladder. 
Now, Simplicio, if we allow these two bodies to fall from a height of four or six 
cubits, by what distance do you imagine the lead will anticipate the bladder? 
You may be sure that the lead will not travel three times, or even twice, as 
swiftly as the bladder, although vou would have made it move a thousand times 
as rapidly. 

Simp. It may be as you say during the first four or six cubits of the fall; but after 
the motion has continued a long while, I believe that the lead will have left the 
bladder behind not only six out of twelve parts of the distance but even eight or 
ten. 


Salv. I quite agree with you and doubt not that, in very long distances, the lead 
might cover one hundred miles while the bladder was traversing one; but, my 
dear Simplicio, this phenomenon which you adduce against my proposition is 
precisely the one which confirms it. Let me once more explain that the variation 
of speed observed in bodies of different specific gravities is not caused by the 
difference of specific gravity but depends upon external circumstances and, in 
particular, upon the resistance of the medium, so that if this is removed all 
bodies would fall with the same velocity; and this result I deduce mainly from 
the fact which you have just admitted and which is very true, namely, that, in the 
case of bodies which differ widely in weight, their velocities differ more and 
more as the spaces traversed increase, something which would not occur if the 
effect depended upon differences of specific gravity. For since these specific 
gravities remain constant, the ratio between the distances traversed ought to 
remain constant whereas the fact is that this ratio keeps on increasing as the 
motion continues. Thus a very heavy body in a fall of one cubit will not 
anticipate a very light one by so much as the tenth part of this space; but in a fall 
of twelve cubits the heavy body would outstrip the other by one-third, and in a 
fall of one hundred cubits by 90/100, etc. 


Simp. Very well: but, following your own line of argument, if differences of 
weight in bodies of different specific gravities cannot produce a change in the 
ratio of their speeds, on the ground that their specific gravities do not change, 


how is it possible for the medium, which also we suppose to remain constant, to 
bring about any change in the ratio of these velocities? 


Salv. This objection with which you oppose my statement is clever; and I must 
meet it. I begin by saying that a heavy body has an inherent tendency to move 
with a constantly and uniformly accelerated motion toward the common center 
of gravity, that is, toward the center of our earth, so that during equal intervals of 
time it receives equal increments of momentum and velocity. This, you must 
understand, holds whenever all external and accidental hindrances have been 
removed; but of these there is one which we can never remove, namely, the 
medium which must be penetrated and thrust aside by the falling body. This 
quiet, yielding, fluid medium opposes motion through it with a resistance which 
is proportional to the rapidity with which the medium must give way to the 
passage of the body; which body, as I have said, is by nature continuously 
accelerated so that it meets with more and more resistance in the medium and 
hence a diminution in its rate of gain of speed until finally the speed reaches 
such a point and the resistance of the medium becomes so great that, balancing 
each other, they prevent any further acceleration and reduce the motion of the 
body to one which is uniform and which will thereafter maintain a constant 
value. There is, therefore, an increase in the resistance of the medium, not on 
account of any change in its essential properties, but on account of the change in 
rapidity with which it must yield and give way laterally to the passage of the 
falling body which is being constantly accelerated. 

Now seeing how great is the resistance which the air offers to the slight 
momentum [momento] of the bladder and how small that which it offers to the 
large weight [peso] of the lead, I am convinced that, if the medium were entirely 
removed, the advantage received by the bladder would be so great and that 
coming to the lead so small that their speeds would be equalized. Assuming this 
principle, that all falling bodies acquire equal speeds in a medium which, on 
account of a vacuum or something else, offers no resistance to the speed of the 
motion, we shall be able accordingly to determine the ratios of the speeds of 
both similar and dissimilar bodies moving either through one and the same 
medium or through different space-filling, and therefore resistant, media. This 
result we may obtain by observing how much the weight of the medium detracts 
from the weight of the moving body, which weight is the means employed by 
the falling body to open a path for itself and to push aside the parts of the 
medium, something which does not happen in a vacuum where, therefore, no 
difference [of speed] is to be expected from a difference of specific gravity. And 
since it is known that the effect of the medium is to diminish the weight of the 


body by the weight of the medium displaced, we may accomplish our purpose by 
diminishing in just this proportion the speeds of the falling bodies, which in a 
non-resisting medium we have assumed to be equal. 

Thus, for example, imagine lead to be ten thousand times as heavy as air 
while ebony is only one thousand times as heavy. Here we have two substances 
whose speeds of fall in a medium devoid of resistance are equal: but, when air is 
the medium, it will subtract from the speed of the lead one part in ten thousand, 
and from the speed of the ebony one part in one thousand, i. e. ten parts in ten 
thousand. While therefore lead and ebony would fall from any given height in 
the same interval of time, provided the retarding effect of the air were removed, 
the lead will, in air, lose in speed one part in ten thousand; and the ebony, ten 
parts in ten thousand. In other words, if the elevation from which the bodies start 
be divided into ten thousand parts, the lead will reach the ground leaving the 
ebony behind by as much as ten, or at least nine, of these parts. Is it not clear 
then that a leaden ball allowed to fall from a tower two hundred cubits high will 
outstrip an ebony ball by less than four inches? Now ebony weighs a thousand 
times as much as air but this inflated bladder only four times as much; therefore 
air diminishes the inherent and natural speed of ebony by one part in a thousand; 
while that of the bladder which, if free from hindrance, would be the same, 
experiences a diminution in air amounting to one part in four. So that when the 
ebony ball, falling from the tower, has reached the earth, the bladder will have 
traversed only three-quarters of this distance. Lead is twelve times as heavy as 
water; but ivory is only twice as heavy. The speeds of these two substances 
which, when entirely unhindered, are equal will be diminished in water, that of 
lead by one part in twelve, that of ivory by half. Accordingly when the lead has 
fallen through eleven cubits of water the ivory will have fallen through only six. 
Employing this principle we shall, I believe, find a much closer agreement of 
experiment with our computation than with that of Aristotle. 

In a similar manner we may find the ratio of the speeds of one and the same 
body in different fluid media, not by comparing the different resistances of the 
media, but by considering the excess of the specific gravity of the body above 
those of the media. Thus, for example, tin is one thousand times heavier than air 
and ten times heavier than water; hence, if we divide its unhindered speed into 
1000 parts, air will rob it of one of these parts so that it will fall with a speed of 
999, while in water its speed will be 900, seeing that water diminishes its weight 
by one part in ten while air by only one part in a thousand. 

Again take a solid a little heavier than water, such as oak, a ball of which will 
weigh let us say 1000 drachms; suppose an equal volume of water to weigh 950, 
and an equal volume of air, 2; then it is clear that if the unhindered speed of the 


ball is 1000, its speed in air will be 998, but in water only 50, seeing that the 
water removes 950 of the 1000 parts which the body weighs, leaving only 50. 

Such a solid would therefore move almost twenty times as fast in air as in 
water, since its specific gravity exceeds that of water by one part in twenty. And 
here we must consider the fact that only those substances which have a specific 
gravity greater than water can fall through it — substances which must, 
therefore, be hundreds of times heavier than air; hence when we try to obtain the 
ratio of the speed in air to that in water, we may, without appreciable error, 
assume that air does not, to any considerable extent, diminish the free weight 
[assoluta gravità], and consequently the unhindered speed [assoluta velocità] of 
such substances. Having thus easily found the excess of the weight of these 
substances over that of water, we can say that their speed in air is to their speed 
in water as their free weight [totale gravità] is to the excess of this weight over 
that of water. For example, a ball of ivory weighs 20 ounces; an equal volume of 
water weighs 17 ounces; hence the speed of ivory in air bears to its speed in 
water the approximate ratio of 20:3. 


Sagr. I have made a great step forward in this truly interesting subject upon 
which I have long labored in vain. In order to put these theories into practice we 
need only discover a method of determining the specific gravity of air with 
reference to water and hence with reference to other heavy substances. 


Simp. But if we find that air has levity instead of gravity what then shall we say 
of the foregoing discussion which, in other respects, is very clever? 


Salv. I should say that it was empty, vain, and trifling. But can you doubt that air 
has weight when you have the clear testimony of Aristotle affirming that all the 
elements have weight including air, and excepting only fire? As evidence of this 
he cites the fact that a leather bottle weighs more when inflated than when 
collapsed. 

I am inclined to believe that the increase of weight observed in the inflated 
leather bottle or bladder arises, not from the gravity of the air, but from the many 
thick vapors mingled with it in these lower regions. To this I would attribute the 
increase of weight in the leather bottle. 


Salv. I would not have you say this, and much less attribute it to Aristotle; 
because, if speaking of the elements, he wished to persuade me by experiment 
that air has weight and were to say to me: “Take a leather bottle, fill it with 
heavy vapors and observe how its weight increases,” I would reply that the bottle 


would weigh still more if filled with bran; and would then add that this merely 
proves that bran and thick vapors are heavy, but in regard to air I should still 
remain in the same doubt as before. However, the experiment of Aristotle is 
good and the proposition is true. But I cannot say as much of a certain other 
consideration, taken at face value; this consideration was offered by a 
philosopher whose name slips me; but I know I have read his argument which is 
that air exhibits greater gravity than levity, because it carries heavy bodies 
downward more easily than it does light ones upward. 

Sagr. Fine indeed! So according to this theory air is much heavier than water, 
since all heavy bodies are carried downward more easily through air than 
through water, and all light bodies buoyed up more easily through water than 
through air; further there is an infinite number of heavy bodies which fall 
through air but ascend in water and there is an infinite number of substances 
which rise in water and fall in air. But, Simplicio, the question as to whether the 
weight of the leather bottle is owing to thick vapors or to pure air does not affect 
our problem which is to discover how bodies move through this vapor-laden 
atmosphere of ours. Returning now to the question which interests me more, I 
should like, for the sake of more complete and thorough knowledge of this 
matter, not only to be strengthened in my belief that air has weight but also to 
learn, if possible, how great its specific gravity is. Therefore, Salviati, if you can 
satisfy my curiosity on this point pray do so. 


Salv. The experiment with the inflated leather bottle of Aristotle proves 
conclusively that air possesses positive gravity and not, as some have believed, 
levity, a property possessed possibly by no substance whatever; for if air did 
possess this quality of absolute and positive levity, it should on compression 
exhibit greater levity and, hence, a greater tendency to rise; but experiment 
shows precisely the opposite. 

As to the other question, namely, how to determine the specific gravity of air, 
I have employed the following method. I took a rather large glass bottle with a 
narrow neck and attached to it a leather cover, binding it tightly about the neck 
of the bottle: in the top of this cover I inserted and firmly fastened the valve of a 
leather bottle, through which I forced into the glass bottle, by means of a 
syringe, a large quantity of air. And since air is easily condensed one can pump 
into the bottle two or three times its own volume of air. After this I took an 
accurate balance and weighed this bottle of compressed air with the utmost 
precision, adjusting the weight with fine sand. I next opened the valve and 
allowed the compressed air to escape; then replaced the flask upon the balance 
and found it perceptibly lighter: from the sand which had been used as a 


counterweight I now removed and laid aside as much as was necessary to again 
secure balance. Under these conditions there can be no doubt but that the weight 
of the sand thus laid aside represents the weight of the air which had been forced 
into the flask and had afterwards escaped. But after all this experiment tells me 
merely that the weight of the compressed air is the same as that of the sand 
removed from the balance; when however it comes to knowing certainly and 
definitely the weight of air as compared with that of water or any other heavy 
substance this I cannot hope to do without first measuring the volume [quantita] 
of compressed air; for this measurement I have devised the two following 
methods. 

According to the first method one takes a bottle with a narrow neck similar to 
the previous one; over the mouth of this bottle is slipped a leather tube which is 
bound tightly about the neck of the flask; the other end of this tube embraces the 
valve attached to the first flask and is tightly bound about it. This second flask is 
provided with a hole in the bottom through which an iron rod can be placed so as 
to open, at will, the valve above mentioned and thus permit the surplus air of the 
first to escape after it has once been weighed: but his second bottle must be filled 
with water. Having prepared everything in the manner above described, open the 
valve with the rod; the air will rush into the flask containing the water and will 
drive it through the hole at the bottom, it being clear that the volume [quantita] 
of water thus displaced is equal to the volume [mole e quantita] of air escaped 
from the other vessel. Having set aside this displaced water, weigh the vessel 
from which the air has escaped (which is supposed to have been weighed 
previously while containing the compressed air), and remove the surplus of sand 
as described above; it is then manifest that the weight of this sand is precisely 
the weight of a volume [mole] of air equal to the volume of water displaced and 
set aside; this water we can weigh and find how many times its weight contains 
the weight of the removed sand, thus determining definitely how many times 
heavier water is than air; and we shall find, contrary to the opinion of Aristotle, 
that this is not 10 times, but, as our experiment shows, more nearly 400 times. 

The second method is more expeditious and can be carried out with a single 
vessel fitted up as the first was. Here no air is added to that which the vessel 
naturally contains but water is forced into it without allowing any air to escape; 
the water thus introduced necessarily compresses the air. Having forced into the 
vessel as much water as possible, filling it, say, three-fourths full, which does 
not require any extraordinary effort, place it upon the balance and weigh it 
accurately; next hold the vessel mouth up, open the valve, and allow the air to 
escape; the volume of the air thus escaping is precisely equal to the volume of 


water contained in the flask. Again weigh the vessel which will have diminished 
in weight on account of the escaped air; this loss in weight represents the weight 
of a volume of air equal to the volume of water contained in the vessel. 


Simp. No one can deny the cleverness and ingenuity of your devices; but while 
they appear to give complete intellectual satisfaction they confuse me in another 
direction. For since it is undoubtedly true that the elements when in their proper 
places have neither weight nor levity, I cannot understand how it is possible for 
that portion of air, which appeared to weigh, say, 4 drachms of sand, should 
really have such a weight in air as the sand which counterbalances it. It seems to 
me, therefore, that the experiment should be carried out, not in air, but in a 
medium in which the air could exhibit its property of weight if such it really has. 


Salv. The objection of Simplicio is certainly to the point and must therefore 
either be unanswerable or demand an equally clear solution. It is perfectly 
evident that that air which, under compression, weighed as much as the sand, 
loses this weight when once allowed to escape into its own element, while, 
indeed, the sand retains its weight. Hence for this experiment it becomes 
necessary to select a place where air as well as sand can gravitate; because, as 
has been often remarked, the medium diminishes the weight of any substance 
immersed in it by an amount equal to the weight of the displaced medium; so 
that air in air loses all its weight. If therefore this experiment is to be made with 
accuracy it should be performed in a vacuum where every heavy body exhibits 
its momentum without the slightest diminution. If then, Simplicio, we were to 
weigh a portion of air in a vacuum would you then be satisfied and assured of 
the fact? 


Simp. Yes truly: but this is to wish or ask the impossible. 


Salv. Your obligation will then be very great if, for your sake, I accomplish the 
impossible. But I do not want to sell you something which I have already given 
you; for in the previous experiment we weighed the air in vacuum and not in air 
or other medium. The fact that any fluid medium diminishes the weight of a 
mass immersed in it, is due, Simplicio, to the resistance which this medium 
offers to its being opened up, driven aside, and finally lifted up. The evidence for 
this is seen in the readiness with which the fluid rushes to fill up any space 
formerly occupied by the mass; if the medium were not affected by such an 
immersion then it would not react against the immersed body. Tell me now, 
when you have a flask, in air, filled with its natural amount of air and then 


proceed to pump into the vessel more air, does this extra charge in any way 
separate or divide or change the circumambient air? Does the vessel perhaps 
expand so that the surrounding medium is displaced in order to give more room? 
Certainly not. Therefore one is able to say that this extra charge of air is not 
immersed in the surrounding medium for it occupies no space in it, but is, as it 
were, in a vacuum. Indeed, it is really in a vacuum; for it diffuses into the 
vacuities which are not completely filled by the original and uncondensed air. In 
fact I do not see any difference between the enclosed and the surrounding media: 
for the surrounding medium does not press upon the enclosed medium and, vice 
versa, the enclosed medium exerts no pressure against the surrounding one; this 
same relationship exists in the case of any matter in a vacuum, as well as in the 
case of the extra charge of air compressed into the flask. The weight of this 
condensed air is therefore the same as that which it would have if set free in a 
vacuum. It is true of course that the weight of the sand used as a counterpoise 
would be a little greater in vacuo than in free air. We must, then, say that the air 
is slightly lighter than the sand required to counterbalance it, that is to say, by an 
amount equal to the weight in vacuo of a volume of air equal to the volume of 
the sand. 

At this point in an annotated copy of the original edition the following note 
by Galileo is found. 


Sagr. A very clever discussion, solving a wonderful problem, because it 
demonstrates briefly and concisely the manner in which one may find the weight 
of a body in vacuo by simply weighing it in air. The explanation is as follows: 
when a heavy body is immersed in air it loses in weight an amount equal to the 
weight of a volume [mole] of air equivalent to the volume [mole] of the body 
itself. Hence if one adds to a body, without expanding it, a quantity of air equal 
to that which it displaces and weighs it, he will obtain its absolute weight in 
vacuo, since, without increasing it in size, he has increased its weight by just the 
amount which it lost through immersion in air. 

When therefore we force a quantity of water into a vessel which already 
contains its normal amount of air, without allowing any of this air to escape it is 
clear that this normal quantity of air will be compressed and condensed into a 
smaller space in order to make room for the water which is forced in: it is also 
clear that the volume of air thus compressed is equal to the volume of water 
added. If now the vessel be weighed in air in this condition, it is manifest that the 
weight of the water will be increased by that of an equal volume of air; the total 


weight of water and air thus obtained is equal to the weight of the water alone in 
vacuo. 

Now record the weight of the entire vessel and then allow the compressed air 
to escape; weigh the remainder; the difference of these two weights will be the 
weight of the compressed air which, in volume, is equal to that of the water. 
Next find the weight of the water alone and add to it that of the compressed air; 
we shall then have the water alone in vacuo. To find the weight of the water we 
shall have to remove it from the vessel and weigh the vessel alone; subtract this 
weight from that of the vessel and water together. It is clear that the remainder 
will be the weight of the water alone in air. 

The previous experiments, in my opinion, left something to be desired: but 
now I am fully satisfied. 


Salv. The facts set forth by me up to this point and, in particular, the one which 
shows that difference of weight, even when very great, is without effect in 
changing the speed of falling bodies, so that as far as weight is concerned they 
all fall with equal speed: this idea is, I say, so new, and at first glance so remote 
from fact, that if we do not have the means of making it just as clear as sunlight, 
it had better not be mentioned; but having once allowed it to pass my lips I must 
neglect no experiment or argument to establish it. 


Sagr. Not only this but also many other of your views are so far removed from 
the commonly accepted opinions and doctrines that if you were to publish them 
you would stir up a large number of antagonists; for human nature is such that 
men do not look with favor upon discoveries — either of truth or fallacy — in 
their own field, when made by others than themselves. They call him an 
innovator of doctrine, an unpleasant title, by which they hope to cut those knots 
which they cannot untie, and by subterranean mines they seek to destroy 
structures which patient artisans have built with customary tools. But as for 
ourselves who have no such thoughts, the experiments and arguments which you 
have thus far adduced are fully satisfactory; however if you have any 
experiments which are more direct or any arguments which are more convincing 
we will hear them with pleasure. 


Salv. The experiment made to ascertain whether two bodies, differing greatly in 
weight will fall from a given height with the same speed offers some difficulty; 
because, if the height is considerable, the retarding effect of the medium, which 
must be penetrated and thrust aside by the falling body, will be greater in the 
case of the small momentum of the very light body than in the case of the great 


force [violenza] of the heavy body; so that, in a long distance, the light body will 
be left behind; if the height be small, one may well doubt whether there is any 
difference; and if there be a difference it will be inappreciable. 

It occurred to me therefore to repeat many times the fall through a small 
height in such a way that I might accumulate all those small intervals of time 
that elapse between the arrival of the heavy and light bodies respectively at their 
common terminus, so that this sum makes an interval of time which is not only 
observable, but easily observable. In order to employ the slowest speeds possible 
and thus reduce the change which the resisting medium produces upon the 
simple effect of gravity it occurred to me to allow the bodies to fall along a plane 
slightly inclined to the horizontal. For in such a plane, just as well as in a vertical 
plane, one may discover how bodies of different weight behave: and besides this, 
I also wished to rid myself of the resistance which might arise from contact of 
the moving body with the aforesaid inclined plane. Accordingly I took two balls, 
one of lead and one of cork, the former more than a hundred times heavier than 
the latter, and suspended them by means of two equal fine threads, each four or 
five cubits long. Pulling each ball aside from the perpendicular, I let them go at 
the same instant, and they, falling along the circumferences of circles having 
these equal strings for semi-diameters, passed beyond the perpendicular and 
returned along the same path. This free vibration [per lor medesime le andate e 
le tornate] repeated a hundred times showed clearly that the heavy body 
maintains so nearly the period of the light body that neither in a hundred swings 
nor even in a thousand will the former anticipate the latter by as much as a single 
moment [minimo momento], so perfectly do they keep step. We can also observe 
the effect of the medium which, by the resistance which it offers to motion, 
diminishes the vibration of the cork more than that of the lead, but without 
altering the frequency of either; even when the arc traversed by the cork did not 
exceed five or six degrees while that of the lead was fifty or sixty, the swings 
were performed in equal times. 


Simp. If this be so, why is not the speed of the lead greater than that of the cork, 
seeing that the former traverses sixty degrees in the same interval in which the 
latter covers scarcely six? 


Salv. But what would you say, Simplicio, if both covered their paths in the same 
time when the cork, drawn aside through thirty degrees, traverses an arc of sixty, 
while the lead pulled aside only two degrees traverses an arc of four? Would not 
then the cork be proportionately swifter? And yet such is the experimental fact. 
But observe this: having pulled aside the pendulum of lead, say through an arc of 


fifty degrees, and set it free, it swings beyond the perpendicular almost fifty 
degrees, thus describing an arc of nearly one hundred degrees; on the return 
swing it describes a little smaller arc; and after a large number of such vibrations 
it finally comes to rest. Each vibration, whether of ninety, fifty, twenty, ten, or 
four degrees occupies the same time: accordingly the speed of the moving body 
keeps on diminishing since in equal intervals of time, it traverses arcs which 
grow smaller and smaller. 

Precisely the same things happen with the pendulum of cork, suspended by a 
string of equal length, except that a smaller number of vibrations is required to 
bring it to rest, since on account of its lightness it is less able to overcome the 
resistance of the air; nevertheless the vibrations, whether large or small, are all 
performed in time-intervals which are not only equal among themselves, but also 
equal to the period of the lead pendulum. Hence it is true that, if while the lead is 
traversing an arc of fifty degrees the cork covers one of only ten, the cork moves 
more slowly than the lead; but on the other hand it is also true that the cork may 
cover an arc of fifty while the lead passes over one of only ten or six; thus, at 
different times, we have now the cork, now the lead, moving more rapidly. But if 
these same bodies traverse equal arcs in equal times we may rest assured that 
their speeds are equal. 


Simp. I hesitate to admit the conclusiveness of this argument because of the 
confusion which arises from your making both bodies move now rapidly, now 
slowly and now very slowly, which leaves me in doubt as to whether their 
velocities are always equal. 


Sagr. Allow me, if you please, Salviati, to say just a few words. Now tell me, 
Simplicio, whether you admit that one can say with certainty that the speeds of 
the cork and the lead are equal whenever both, starting from rest at the same 
moment and descending the same slopes, always traverse equal spaces in equal 
times? 


Simp. This can neither be doubted nor gainsaid. 


Sagr. Now it happens, in the case of the pendulums, that each of them traverses 
now an arc of sixty degrees, now one of fifty, or thirty or ten or eight or four or 
two, etc.; and when they both swing through an arc of sixty degrees they do so in 
equal intervals of time; the same thing happens when the arc is fifty degrees or 
thirty or ten or any other number; and therefore we conclude that the speed of 
the lead in an arc of sixty degrees is equal to the speed of the cork when the 


latter also swings through an arc of sixty degrees; in the case of a fifty-degree 
arc these speeds are also equal to each other; so also in the case of other arcs. 
But this is not saying that the speed which occurs in an arc of sixty is the same as 
that which occurs in an arc of fifty; nor is the speed in an arc of fifty equal to 
that in one of thirty, etc.; but the smaller the arcs, the smaller the speeds; the fact 
observed is that one and the same moving body requires the same time for 
traversing a large arc of sixty degrees as for a small arc of fifty or even a very 
small arc of ten; all these arcs, indeed, are covered in the same interval of time. 
It is true therefore that the lead and the cork each diminish their speed [moto] in 
proportion as their arcs diminish; but this does not contradict the fact that they 
maintain equal speeds in equal arcs. 

My reason for saying these things has been rather because I wanted to learn 
whether I had correctly understood Salviati, than because I thought Simplicio 
had any need of a clearer explanation than that given by Salviati which like 
everything else of his is extremely lucid, so lucid, indeed, that when he solves 
questions which are difficult not merely in appearance, but in reality and in fact, 
he does so with reasons, observations and experiments which are common and 
familiar to everyone. 

In this manner he has, as I have learned from various sources, given occasion 
to a highly esteemed professor for undervaluing his discoveries on the ground 
that they are commonplace, and established upon a mean and vulgar basis; as if 
it were not a most admirable and praiseworthy feature of demonstrative science 
that it springs from and grows out of principles well-known, understood and 
conceded by all. 

But let us continue with this light diet; and if Simplicio is satisfied to 
understand and admit that the gravity inherent [interna gravità] in various falling 
bodies has nothing to do with the difference of speed observed among them, and 
that all bodies, in so far as their speeds depend upon it, would move with the 
same velocity, pray tell us, Salviati, how you explain the appreciable and evident 
inequality of motion; please reply also to the objection urged by Simplicio — an 
objection in which I concur — namely, that a cannon ball falls more rapidly than 
a bird-shot. From my point of view, one might expect the difference of speed to 
be small in the case of bodies of the same substance moving through any single 
medium, whereas the larger ones will descend, during a single pulse-beat, a 
distance which the smaller ones will not traverse in an hour, or in four, or even 
in twenty hours; as for instance in the case of stones and fine sand and especially 
that very fine sand which produces muddy water and which in many hours will 
not fall through as much as two cubits, a distance which stones not much larger 
will traverse in a single pulse-beat. 


Salv. The action of the medium in producing a greater retardation upon those 
bodies which have a less specific gravity has already been explained by showing 
that they experience a diminution of weight. But to explain how one and the 
same medium produces such different retardations in bodies which are made of 
the same material and have the same shape, but differ only in size, requires a 
discussion more clever than that by which one explains how a more expanded 
shape or an opposing motion of the medium retards the speed of the moving 
body. The solution of the present problem lies, I think, in the roughness and 
porosity which are generally and almost necessarily found in the surfaces of 
solid bodies. When the body is in motion these rough places strike the air or 
other ambient medium. The evidence for this is found in the humming which 
accompanies the rapid motion of a body through air, even when that body is as 
round as possible. One hears not only humming, but also hissing and whistling, 
whenever there is any appreciable cavity or elevation upon the body. We 
observe also that a round solid body rotating in a lathe produces a current of air. 
But what more do we need? When a top spins on the ground at its greatest speed 
do we not hear a distinct buzzing of high pitch? This sibilant note diminishes in 
pitch as the speed of rotation slackens, which is evidence that these small 
rugosities on the surface meet resistance in the air. There can be no doubt, 
therefore, that in the motion of falling bodies these rugosities strike the 
surrounding fluid and retard the speed; and this they do so much the more in 
proportion as the surface is larger, which is the case of small bodies as compared 
with greater. 


Simp. Stop a moment please, I am getting confused. For although I understand 
and admit that friction of the medium upon the surface of the body retards its 
motion and that, if other things are the same, the larger surface suffers greater 
retardation, I do not see on what ground you say that the surface of the smaller 
body is larger. Besides if, as you say, the larger surface suffers greater 
retardation the larger solid should move more slowly, which is not the fact. But 
this objection can be easily met by saying that, although the larger body has a 
larger surface, it has also a greater weight, in comparison with which the 
resistance of the larger surface is no more than the resistance of the small surface 
in comparison with its smaller weight; so that the speed of the larger solid does 
not become less. I therefore see no reason for expecting any difference of speed 
so long as the driving weight [gravita movente] diminishes in the same 
proportion as the retarding power [facoltà ritardante] of the surface. 


Salv. I shall answer all your objections at once. You will admit, of course, 
Simplicio, that if one takes two equal bodies, of the same material and same 
figure, bodies which would therefore fall with equal speeds, and if he diminishes 
the weight of one of them in the same proportion as its surface (maintaining the 
similarity of shape) he would not thereby diminish the speed of this body. 


Simp. This inference seems to be in harmony with your theory which states that 
the weight of a body has no effect in either accelerating or retarding its motion. 


Salv. I quite agree with you in this opinion from which it appears to follow that, 
if the weight of a body is diminished in greater proportion than its surface, the 
motion is retarded to a certain extent; and this retardation is greater and greater 
in proportion as the diminution of weight exceeds that of the surface. 


Simp. This I admit without hesitation. 


Salv. Now you must know, Simplicio, that it is not possible to diminish the 
surface of a solid body in the same ratio as the weight, and at the same time 
maintain similarity of figure. For since it is clear that in the case of a diminishing 
solid the weight grows less in proportion to the volume, and since the volume 
always diminishes more rapidly than the surface, when the same shape is 
maintained, the weight must therefore diminish more rapidly than the surface. 
But geometry teaches us that, in the case of similar solids, the ratio of two 
volumes is greater than the ratio of their surfaces; which, for the sake of better 
understanding, I shall illustrate by a particular case. 

Take, for example, a cube two inches on a side so that each face has an area 
of four square inches and the total area, i. e., the sum of the six faces, amounts to 
twenty-four square inches; now imagine this cube to be sawed through three 
times so as to divide it into eight smaller cubes, each one inch on the side, each 
face one inch square, and the total surface of each cube six square inches instead 
of twenty-four as in the case of the larger cube. It is evident therefore that the 
surface of the little cube is only one-fourth that of the larger, namely, the ratio of 
six to twenty-four; but the volume of the solid cube itself is only one-eighth; the 
volume, and hence also the weight, diminishes therefore much more rapidly than 
the surface. If we again divide the little cube into eight others we shall have, for 
the total surface of one of these, one and one-half square inches, which is one- 
sixteenth of the surface of the original cube; but its volume is only one-sixty- 
fourth part. Thus, by two divisions, you see that the volume is diminished four 
times as much as the surface. And, if the subdivision be continued until the 


original solid be reduced to a fine powder, we shall find that the weight of one of 
these smallest particles has diminished hundreds and hundreds of times as much 
as its surface. And this which I have illustrated in the case of cubes holds also in 
the case of all similar solids, where the volumes stand in sesquialteral ratio to 
their surfaces. Observe then how much greater the resistance, arising from 
contact of the surface of the moving body with the medium, in the case of small 
bodies than in the case of large; and when one considers that the rugosities on 
the very small surfaces of fine dust particles are perhaps no smaller than those on 
the surfaces of larger solids which have been carefully polished, he will see how 
important it is that the medium should be very fluid and offer no resistance to 
being thrust aside, easily yielding to a small force. You see, therefore, Simplicio, 
that I was not mistaken when, not long ago, I said that the surface of a small 
solid is comparatively greater than that of a large one. 


Simp. I am quite convinced; and, believe me, if I were again beginning my 
studies, I should follow the advice of Plato and start with mathematics, a science 
which proceeds very cautiously and admits nothing as established until it has 
been rigidly demonstrated. 


Sagr. This discussion has afforded me great pleasure; but before proceeding 
further I should like to hear the explanation of a phrase of yours which is new to 
me, namely, that similar solids are to each other in the sesquialteral ratio of their 
surfaces; for although I have seen and understood the proposition in which it is 
demonstrated that the surfaces of similar solids are in the duplicate ratio of their 
sides and also the proposition which proves that the volumes are in the triplicate 
ratio of their sides, yet I have not so much as heard mentioned the ratio of the 
volume of a solid to its surface. 


Salv. You yourself have suggested the answer to your question and have 
removed every doubt. For if one quantity is the cube of something of which 
another quantity is the square does it not follow that the cube is the sesquialteral 
of the square? Surely. Now if the surface varies as the square of its linear 
dimensions while the volume varies as the cube of these dimensions may we not 
say that the volume stands in sesquialteral ratio to the surface? 

Sagr. Quite so. And now although there are still some details, in connection with 
the subject under discussion, concerning which I might ask questions yet, if we 
keep making one digression after another, it will be long before we reach the 
main topic which has to do with the variety of properties found in the resistance 


which solid bodies offer to fracture; and, therefore, if you please, let us return to 
the subject which we originally proposed to discuss. 


Salv. Very well; but the questions which we have already considered are so 
numerous and so varied, and have taken up so much time that there is not much 
of this day left to spend upon our main topic which abounds in geometrical 
demonstrations calling for careful consideration. May I, therefore, suggest that 
we postpone the meeting until to-morrow, not only for the reason just mentioned 
but also in order that I may bring with me some papers in which I have set down 
in an orderly way the theorems and propositions dealing with the various phases 
of this subject, matters which, from memory alone, I could not present in the 
proper order. 


Sagr. I fully concur in your opinion and all the more willingly because this will 
leave time to-day to take up some of my difficulties with the subject which we 
have just been discussing. One question is whether we are to consider the 
resistance of the medium as sufficient to destroy the acceleration of a body of 
very heavy material, very large volume, and spherical figure. I say spherical in 
order to select a volume which is contained within a minimum surface and 
therefore less subject to retardation. 

Another question deals with the vibrations of pendulums which may be 
regarded from several viewpoints; the first is whether all vibrations, large, 
medium, and small, are performed in exactly and precisely equal times: another 
is to find the ratio of the times of vibration of pendulums supported by threads of 
unequal length. 


Salv. These are interesting questions: but I fear that here, as in the case of all 
other facts, if we take up for discussion any one of them, it will carry in its wake 
so many other facts and curious consequences that time will not remain to-day 
for the discussion of all. 


Sagr. If these are as full of interest as the foregoing, I would gladly spend as 
many days as there remain hours between now and nightfall; and I dare say that 
Simplicio would not be wearied by these discussions. 


Simp. Certainly not; especially when the questions pertain to natural science and 
have not been treated by other philosophers. 


Salv. Now taking up the first question, I can assert without hesitation that there 
is no sphere so large, or composed of material so dense but that the resistance of 
the medium, although very slight, would check its acceleration and would, in 
time reduce its motion to uniformity; a statement which is strongly supported by 
experiment. For if a falling body, as time goes on, were to acquire a speed as 
great as you please, no such speed, impressed by external forces [motore 
esterno], can be so great but that the body will first acquire it and then, owing to 
the resisting medium, lose it. Thus, for instance, if a cannon ball, having fallen a 
distance of four cubits through the air and having acquired a speed of, say, ten 
units [gradi] were to strike the surface of the water, and if the resistance of the 
water were not able to check the momentum [impeto] of the shot, it would either 
increase in speed or maintain a uniform motion until the bottom were reached: 
but such is not the observed fact; on the contrary, the water when only a few 
cubits deep hinders and diminishes the motion in such a way that the shot 
delivers to the bed of the river or lake a very slight impulse. Clearly then if a 
short fall through the water is sufficient to deprive a cannon ball of its speed, this 
speed cannot be regained by a fall of even a thousand cubits. How could a body 
acquire, in a fall of a thousand cubits, that which it loses in a fall of four? But 
what more is needed? Do we not observe that the enormous momentum, 
delivered to a shot by a cannon, is so deadened by passing through a few cubits 
of water that the ball, so far from injuring the ship, barely strikes it? Even the air, 
although a very yielding medium, can also diminish the speed of a falling body, 
as may be easily understood from similar experiments. For if a gun be fired 
downwards from the top of a very high tower the shot will make a smaller 
impression upon the ground than if the gun had been fired from an elevation of 
only four or six cubits; this is clear evidence that the momentum of the ball, fired 
from the top of the tower, diminishes continually from the instant it leaves the 
barrel until it reaches the ground. Therefore a fall from ever so great an altitude 
will not suffice to give to a body that momentum which it has once lost through 
the resistance of the air, no matter how it was originally acquired. In like 
manner, the destructive effect produced upon a wall by a shot fired from a gun at 
a distance of twenty cubits cannot be duplicated by the fall of the same shot from 
any altitude however great. My opinion is, therefore, that under the 
circumstances which occur in nature, the acceleration of any body falling from 
rest reaches an end and that the resistance of the medium finally reduces its 
speed to a constant value which is thereafter maintained. 


Sagr. These experiments are in my opinion much to the purpose; the only 
question is whether an opponent might not make bold to deny the fact in the case 


of bodies [moli] which are very large and heavy or to assert that a cannon ball, 
falling from the distance of the moon or from the upper regions of the 
atmosphere, would deliver a heavier blow than if just leaving the muzzle of the 
gun. 


Salv. No doubt many objections may be raised not all of which can be refuted by 
experiment: however in this particular case the following consideration must be 
taken into account, namely, that it is very likely that a heavy body falling from a 
height will, on reaching the ground, have acquired just as much momentum as 
was necessary to carry it to that height; as may be clearly seen in the case of a 
rather heavy pendulum which, when pulled aside fifty or sixty degrees from the 
vertical, will acquire precisely that speed and force which are sufficient to carry 
it to an equal elevation save only that small portion which it loses through 
friction on the air. In order to place a cannon ball at such a height as might 
suffice to give it just that momentum which the powder imparted to it on leaving 
the gun we need only fire it vertically upwards from the same gun; and we can 
then observe whether on falling back it delivers a blow equal to that of the gun 
fired at close range; in my opinion it would be much weaker. The resistance of 
the air would, therefore, I think, prevent the muzzle velocity from being equalled 
by a natural fall from rest at any height whatsoever. 

We come now to the other questions, relating to pendulums, a subject which 
may appear to many exceedingly arid, especially to those philosophers who are 
continually occupied with the more profound questions of nature. Nevertheless, 
the problem is one which I do not scorn. I am encouraged by the example of 
Aristotle whom I admire especially because he did not fail to discuss every 
subject which he thought in any degree worthy of consideration. 

Impelled by your queries I may give you some of my ideas concerning certain 
problems in music, a splendid subject, upon which so many eminent men have 
written: among these is Aristotle himself who has discussed numerous 
interesting accoustical questions. Accordingly, if on the basis of some easy and 
tangible experiments, I shall explain some striking phenomena in the domain of 
sound, I trust my explanations will meet your approval. 


Sagr. I shall receive them not only gratefully but eagerly. For, although I take 
pleasure in every kind of musical instrument and have paid considerable 
attention to harmony, I have never been able to fully understand why some 
combinations of tones are more pleasing than others, or why certain 
combinations not only fail to please but are even highly offensive. Then there is 
the old problem of two stretched strings in unison; when one of them is sounded, 


the other begins to vibrate and to emit its note; nor do I understand the different 
ratios of harmony [forme delle consonanze] and some other details. 


Salv. Let us see whether we cannot derive from the pendulum a satisfactory 
solution of all these difficulties. And first, as to the question whether one and the 
same pendulum really performs its vibrations, large, medium, and small, all in 
exactly the same time, I shall rely upon what I have already heard from our 
Academician. He has clearly shown that the time of descent is the same along all 
chords, whatever the arcs which subtend them, as well along an arc of 180° (i. e., 
the whole diameter) as along one of 100°, 60°, 10°, 2°, %°, or 4’. It is 
understood, of course, that these arcs all terminate at the lowest point of the 
circle, where it touches the horizontal plane. 

If now we consider descent along arcs instead of their chords then, provided 
these do not exceed 90°, experiment shows that they are all traversed in equal 
times; but these times are greater for the chord than for the arc, an effect which 
is all the more remarkable because at first glance one would think just the 
opposite to be true. For since the terminal points of the two motions are the same 
and since the straight line included between these two points is the shortest 
distance between them, it would seem reasonable that motion along this line 
should be executed in the shortest time; but this is not the case, for the shortest 
time — and therefore the most rapid motion — is that employed along the arc of 
which this straight line is the chord. 

As to the times of vibration of bodies suspended by threads of different 
lengths, they bear to each other the same proportion as the square roots of the 
lengths of the thread; or one might say the lengths are to each other as the 
squares of the times; so that if one wishes to make the vibration-time of one 
pendulum twice that of another, he must make its suspension four times as long. 
In like manner, if one pendulum has a suspension nine times as long as another, 
this second pendulum will execute three vibrations during each one of the first; 
from which it follows that the lengths of the suspending cords bear to each other 
the [inverse] ratio of the squares of the number of vibrations performed in the 
same time. 


Sagr. Then, if I understand you correctly, I can easily measure the length of a 
string whose upper end is attached at any height whatever even if this end were 
invisible and I could see only the lower extremity. For if I attach to the lower 
end of this string a rather heavy weight and give it a to-and-fro motion, and if I 
ask a friend to count a number of its vibrations, while I, during the same time- 
interval, count the number of vibrations of a pendulum which is exactly one 


cubit in length, then knowing the number of vibrations which each pendulum 
makes in the given interval of time one can determine the length of the string. 
Suppose, for example, that my friend counts 20 vibrations of the long cord 
during the same time in which I count 240 of my string which is one cubit in 
length; taking the squares of the two numbers, 20 and 240, namely 400 and 
57600, then, I say, the long string contains 57600 units of such length that my 
pendulum will contain 400 of them; and since the length of my string is one 
cubit, I shall divide 57600 by 400 and thus obtain 144. Accordingly I shall call 
the length of the string 144 cubits. 


Salv. Nor will you miss it by as much as a hand’s breadth, especially if you 
observe a large number of vibrations. 


Sagr. You give me frequent occasion to admire the wealth and profusion of 
nature when, from such common and even trivial phenomena, you derive facts 
which are not only striking and new but which are often far removed from what 
we would have imagined. Thousands of times I have observed vibrations 
especially in churches where lamps, suspended by long cords, had been 
inadvertently set into motion; but the most which I could infer from these 
observations was that the view of those who think that such vibrations are 
maintained by the medium is highly improbable: for, in that case, the air must 
needs have considerable judgment and little else to do but kill time by pushing to 
and fro a pendent weight with perfect regularity. But I never dreamed of learning 
that one and the same body, when suspended from a string a hundred cubits long 
and pulled aside through an arc of 90° or even 1° or %°, would employ the same 
time in passing through the least as through the largest of these arcs; and, indeed, 
it still strikes me as somewhat unlikely. Now I am waiting to hear how these 
same simple phenomena can furnish solutions for those acoustical problems — 
solutions which will be at least partly satisfactory. 


Salv. First of all one must observe that each pendulum has its own time of 
vibration so definite and determinate that it is not possible to make it move with 
any other period [altro periodo] than that which nature has given it. For let any 
one take in his hand the cord to which the weight is attached and try, as much as 
he pleases, to increase or diminish the frequency [frequenza] of its vibrations; it 
will be time wasted. On the other hand, one can confer motion upon even a 
heavy pendulum which is at rest by simply blowing against it; by repeating these 
blasts with a frequency which is the same as that of the pendulum one can impart 
considerable motion. Suppose that by the first puff we have displaced the 


pendulum from the vertical by, say, half an inch; then if, after the pendulum has 
returned and is about to begin the second vibration, we add a second puff, we 
shall impart additional motion; and so on with other blasts provided they are 
applied at the right instant, and not when the pendulum is coming toward us 
since in this case the blast would impede rather than aid the motion. Continuing 
thus with many impulses [impulsi] we impart to the pendulum such momentum 
[impeto] that a greater impulse [forza] than that of a single blast will be needed 
to stop it. 


Sagr. Even as a boy, I observed that one man alone by giving these impulses at 
the right instant was able to ring a bell so large that when four, or even six, men 
seized the rope and tried to stop it they were lifted from the ground, all of them 
together being unable to counterbalance the momentum which a single man, by 
properly-timed pulls, had given it. 


Salv. Your illustration makes my meaning clear and is quite as well fitted, as 
what I have just said, to explain the wonderful phenomenon of the strings of the 
cittern [cetera] or of the spinet [cimbalo], namely, the fact that a vibrating string 
will set another string in motion and cause it to sound not only when the latter is 
in unison but even when it differs from the former by an octave or a fifth. A 
string which has been struck begins to vibrate and continues the motion as long 
as one hears the sound [risonanza]; these vibrations cause the immediately 
surrounding air to vibrate and quiver; then these ripples in the air expand far into 
space and strike not only all the strings of the same instrument but even those of 
neighboring instruments. Since that string which is tuned to unison with the one 
plucked is capable of vibrating with the same frequency, it acquires, at the first 
impulse, a slight oscillation; after receiving two, three, twenty, or more impulses, 
delivered at proper intervals, it finally accumulates a vibratory motion equal to 
that of the plucked string, as is clearly shown by equality of amplitude in their 
vibrations. This undulation expands through the air and sets into vibration not 
only strings, but also any other body which happens to have the same period as 
that of the plucked string. Accordingly if we attach to the side of an instrument 
small pieces of bristle or other flexible bodies, we shall observe that, when a 
spinet is sounded, only those pieces respond that have the same period as the 
string which has been struck; the remaining pieces do not vibrate in response to 
this string, nor do the former pieces respond to any other tone. 

If one bows the base string on a viola rather smartly and brings near it a 
goblet of fine, thin glass having the same tone [tuono] as that of the string, this 
goblet will vibrate and audibly resound. That the undulations of the medium are 
widely dispersed about the sounding body is evinced by the fact that a glass of 
water may be made to emit a tone merely by the friction of the finger-tip upon 
the rim of the glass; for in this water is produced a series of regular waves. The 
same phenomenon is observed to better advantage by fixing the base of the 
goblet upon the bottom of a rather large vessel of water filled nearly to the edge 
of the goblet; for if, as before, we sound the glass by friction of the finger, we 
shall see ripples spreading with the utmost regularity and with high speed to 
large distances about the glass. I have often remarked, in thus sounding a rather 
large glass nearly full of water, that at first the waves are spaced with great 
uniformity, and when, as sometimes happens, the tone of the glass jumps an 
octave higher I have noted that at this moment each of the aforesaid waves 
divides into two; a phenomenon which shows clearly that the ratio involved in 
the octave [forma dell’ ottava] is two. 


Sagr. More than once have I observed this same thing, much to my delight and 
also to my profit. For a long time I have been perplexed about these different 
harmonies since the explanations hitherto given by those learned in music 
impress me as not sufficiently conclusive. They tell us that the diapason, i. e. the 
octave, involves the ratio of two, that the diapente which we call the fifth 
involves a ratio of 3:2, etc.; because if the open string of a monochord be 
sounded and afterwards a bridge be placed in the middle and the half length be 
sounded one hears the octave; and if the bridge be placed at 1/3 the length of the 
string, then on plucking first the open string and afterwards 2/3 of its length the 
fifth is given; for this reason they say that the octave depends upon the ratio of 
two to one [contenuta tra’! due e luno] and the fifth upon the ratio of three to 
two. This explanation does not impress me as sufficient to establish 2 and 3/2 as 
the natural ratios of the octave and the fifth; and my reason for thinking so is as 
follows. There are three different ways in which the tone of a string may be 
sharpened, namely, by shortening it, by stretching it and by making it thinner. If 
the tension and size of the string remain constant one obtains the octave by 
shortening it to one-half, i.e., by sounding first the open string and then one-half 
of it; but if length and size remain constant and one attempts to produce the 
octave by stretching he will find that it does not suffice to double the stretching 
weight; it must be quadrupled; so that, if the fundamental note is produced by a 
weight of one pound, four will be required to bring out the octave. 

And finally if the length and tension remain constant, while one changes the 
size’ of the string he will find that in order to produce the octave the size must 
be reduced to % that which gave the fundamental. And what I have said 
concerning the octave, namely, that its ratio as derived from the tension and size 
of the string is the square of that derived from the length, applies equally well to 
all other musical intervals [intervalli musici]. Thus if one wishes to produce a 
fifth by changing the length he finds that the ratio of the lengths must be 
sesquialteral, in other words he sounds first the open string, then two-thirds of it; 
but if he wishes to produce this same result by stretching or thinning the string 
then it becomes necessary to square the ratio 3/2 that is by taking 9/4 [dupla 
sesquiquarta]; accordingly, if the fundamental requires a weight of 4 pounds, the 
higher note will be produced not by 6, but by 9 pounds; the same is true in 
regard to size, the string which gives the fundamental is larger than that which 
yields the fifth in the ratio of 9 to 4. 


15 For the exact meaning of “size” see p. 103 below. [Trans.] 


In view of these facts, I see no reason why those wise philosophers should 
adopt 2 rather than 4 as the ratio of the octave, or why in the case of the fifth 
they should employ the sesquialteral ratio, 3/2, rather than that of 9/4. Since it is 
impossible to count the vibrations of a sounding string on account of its high 
frequency, I should still have been in doubt as to whether a string, emitting the 
upper octave, made twice as many vibrations in the same time as one giving the 
fundamental, had it not been for the following fact, namely, that at the instant 
when the tone jumps to the octave, the waves which constantly accompany the 
vibrating glass divide up into smaller ones which are precisely half as long as the 
former. 


Salv. This is a beautiful experiment enabling us to distinguish individually the 
waves which are produced by the vibrations of a sonorous body, which spread 
through the air, bringing to the tympanum of the ear a stimulus which the mind 
translates into sound. But since these waves in the water last only so long as the 
friction of the finger continues and are, even then, not constant but are always 
forming and disappearing, would it not be a fine thing if one had the ability to 
produce waves which would persist for a long while, even months and years, so 
as to easily measure and count them? 


Sagr. Such an invention would, I assure you, command my admiration. 

Salv. The device is one which I hit upon by accident; my part consists merely in 
the observation of it and in the appreciation of its value as a confirmation of 
something to which I had given profound consideration; and yet the device is, in 
itself, rather common. As I was scraping a brass plate with a sharp iron chisel in 
order to remove some spots from it and was running the chisel rather rapidly 
over it, I once or twice, during many strokes, heard the plate emit a rather strong 
and clear whistling sound; on looking at the plate more carefully, I noticed a 
long row of fine streaks parallel and equidistant from one another. Scraping with 
the chisel over and over again, I noticed that it was only when the plate emitted 
this hissing noise that any marks were left upon it; when the scraping was not 
accompanied by this sibilant note there was not the least trace of such marks. 
Repeating the trick several times and making the stroke, now with greater now 
with less speed, the whistling followed with a pitch which was correspondingly 
higher and lower. I noted also that the marks made when the tones were higher 
were closer together; but when the tones were deeper, they were farther apart. I 
also observed that when, during a single stroke, the speed increased toward the 
end the sound became sharper and the streaks grew closer together, but always in 
such a way as to remain sharply defined and equidistant. Besides whenever the 


stroke was accompanied by hissing I felt the chisel tremble in my grasp and a 
sort of shiver run through my hand. In short we see and hear in the case of the 
chisel precisely that which is seen and heard in the case of a whisper followed by 
a loud voice; for, when the breath is emitted without the production of a tone, 
one does not feel either in the throat or mouth any motion to speak of in 
comparison with that which is felt in the larynx and upper part of the throat 
when the voice is used, especially when the tones employed are low and strong. 
At times I have also observed among the strings of the spinet two which were 
in unison with two of the tones produced by the aforesaid scraping; and among 
those which differed most in pitch I found two which were separated by an 
interval of a perfect fifth. Upon measuring the distance between the markings 
produced by the two scrapings it was found that the space which contained 45 of 
one contained 30 of the other, which is precisely the ratio assigned to the fifth. 
But now before proceeding any farther I want to call your attention to the fact 
that, of the three methods for sharpening a tone, the one which you refer to as the 
fineness of the string should be attributed to its weight. So long as the material of 
the string is unchanged, the size and weight vary in the same ratio. Thus in the 
case of gut-strings, we obtain the octave by making one string 4 times as large as 
the other; so also in the case of brass one wire must have 4 times the size of the 
other; but if now we wish to obtain the octave of a gut-string, by use of brass 
wire, we must make it, not four times as large, but four times as heavy as the 
gut-string: as regards size therefore the metal string is not four times as big but 
four times as heavy. The wire may therefore be even thinner than the gut 
notwithstanding the fact that the latter gives the higher note. Hence if two spinets 
are strung, one with gold wire the other with brass, and if the corresponding 
strings each have the same length, diameter, and tension it follows that the 
instrument strung with gold will have a pitch about one-fifth lower than the other 
because gold has a density almost twice that of brass. And here it is to be noted 
that it is the weight rather than the size of a moving body which offers resistance 
to change of motion [velocita del moto] contrary to what one might at first 
glance think. For it seems reasonable to believe that a body which is large and 
light should suffer greater retardation of motion in thrusting aside the medium 
than would one which is thin and heavy; yet here exactly the opposite is true. 
Returning now to the original subject of discussion, I assert that the ratio of a 
musical interval is not immediately determined either by the length, size, or 
tension of the strings but rather by the ratio of their frequencies, that is, by the 
number of pulses of air waves which strike the tympanum of the ear, causing it 
also to vibrate with the same frequency. This fact established, we may possibly 
explain why certain pairs of notes, differing in pitch produce a pleasing 


sensation, others a less pleasant effect, and still others a disagreeable sensation. 
Such an explanation would be tantamount to an explanation of the more or less 
perfect consonances and of dissonances. The unpleasant sensation produced by 
the latter arises, I think, from the discordant vibrations of two different tones 
which strike the ear out of time [sproporzionatamente]. Especially harsh is the 
dissonance between notes whose frequencies are incommensurable; such a case 
occurs when one has two strings in unison and sounds one of them open, 
together with a part of the other which bears the same ratio to its whole length as 
the side of a square bears to the diagonal; this yields a dissonance similar to the 
augmented fourth or diminished fifth [tritono o semidiapente]. 

Agreeable consonances are pairs of tones which strike the ear with a certain 
regularity; this regularity consists in the fact that the pulses delivered by the two 
tones, in the same interval of time, shall be commensurable in number, so as not 
to keep the ear drum in perpetual torment, bending in two different directions in 
order to yield to the ever-discordant impulses. 

The first and most pleasing consonance is, therefore, the octave since, for 
every pulse given to the tympanum by the lower string, the sharp string delivers 
two; accordingly at every other vibration of the upper string both pulses are 
delivered simultaneously so that one-half the entire number of pulses are 
delivered in unison. But when two strings are in unison their vibrations always 
coincide and the effect is that of a single string; hence we do not refer to it as 
consonance. The fifth is also a pleasing interval since for every two vibrations of 
the lower string the upper one gives three, so that considering the entire number 
of pulses from the upper string one-third of them will strike in unison, i. e., 
between each pair of concordant vibrations there intervene two single vibrations; 
and when the interval is a fourth, three single vibrations intervene. In case the 
interval is a second where the ratio is 9/8 it is only every ninth vibration of the 
upper string which reaches the ear simultaneously with one of the lower; all the 
others are discordant and produce a harsh effect upon the recipient ear which 
interprets them as dissonances. 


Simp. Won’t you be good enough to explain this argument a little more clearly? 


Salv. Let AB denote the length of a wave [lo spazio e la dilatazione d’una 
vibrazione] emitted by the lower string and CD that of a higher string which is 
emitting the octave of AB; divide AB in the middle at E. If the two strings begin 
their motions at A and C, it is clear that when the sharp vibration has reached the 
end D, the other vibration will have travelled only as far as E, which, not being a 
terminal point, will emit no pulse; but there is a blow delivered at D. 


Accordingly when the one wave comes back from D to C, the other passes on 
from E to B; hence the two pulses from B and C strike the drum of the ear 
simultaneously. Seeing that these vibrations are repeated again and again in the 
same manner, we conclude that each alternate pulse from CD falls in unison with 
one from AB. But each of the pulsations at the terminal points, A and B, is 
constantly accompanied by one which leaves always from C or always from D. 
This is clear because if we suppose the waves to reach A and C at the same 
instant, then, while one wave travels from A to B, the other will proceed from C 
to D and back to C, so that waves strike at C and B simultaneously; during the 
passage of the wave from B back to A the disturbance at C goes to D and again 
returns to C, so that once more the pulses at A and C are simultaneous. 


A. E B 
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Next let the vibrations AB and CD be separated by an interval of a fifth, that 
is, by a ratio of 3/2; choose the points E and O such that they will divide the 
wave length of the lower string into three equal parts and imagine the vibrations 
to start at the same instant from each of the terminals A and C. It is evident that 
when the pulse has been delivered at the terminal D, the wave in AB has 


travelled only as far as O; the drum of the ear receives, therefore, only the pulse 
from D. Then during the return of the one vibration from D to C, the other will 
pass from O to B and then back to O, producing an isolated pulse at B — a pulse 
which is out of time but one which must be taken into consideration. 

Now since we have assumed that the first pulsations started from the 
terminals A and C at the same instant, it follows that the second pulsation, 
isolated at D, occurred after an interval of time equal to that required for passage 
from C to D or, what is the same thing, from A to O; but the next pulsation, the 
one at B, is separated from the preceding by only half this interval, namely, the 
time required for passage from O to B. Next while the one vibration travels from 
O to A, the other travels from C to D, the result of which is that two pulsations 
occur simultaneously at A and D. Cycles of this kind follow one after another, i. 
e., one solitary pulse of the lower string interposed between two solitary pulses 
of the upper string. Let us now imagine time to be divided into very small equal 
intervals; then if we assume that, during the first two of these intervals, the 
disturbances which occurred simultaneously at A and C have travelled as far as 
O and D and have produced a pulse at D; and if we assume that during the third 
and fourth intervals one disturbance returns from D to C, producing a pulse at C, 
while the other, passing on from O to B and back to O, produces a pulse at B; 
and if finally, during the fifth and sixth intervals, the disturbances travel from O 
and C to A and D, producing a pulse at each of the latter two, then the sequence 
in which the pulses strike the ear will be such that, if we begin to count time 
from any instant where two pulses are simultaneous, the ear drum will, after the 
lapse of two of the said intervals, receive a solitary pulse; at the end of the third 
interval, another solitary pulse; so also at the end of the fourth interval; and two 
intervals later, i. e., at the end of the sixth interval, will be heard two pulses in 
unison. Here ends the cycle — the anomaly, so to speak — which repeats itself 
over and over again. 


Sagr. I can no longer remain silent; for I must express to you the great pleasure I 
have in hearing such a complete explanation of phenomena with regard to which 
I have so long been in darkness. Now I understand why unison does not differ 
from a single tone; I understand why the octave is the principal harmony, but so 
like unison as often to be mistaken for it and also why it occurs with the other 
harmonies. It resembles unison because the pulsations of strings in unison 
always occur simultaneously, and those of the lower string of the octave are 
always accompanied by those of the upper string; and among the latter is 
interposed a solitary pulse at equal intervals and in such a manner as to produce 
no disturbance; the result is that such a harmony is rather too much softened and 


lacks fire. But the fifth is characterized by its displaced beats and by the 
interposition of two solitary beats of the upper string and one solitary beat of the 
lower string between each pair of simultaneous pulses; these three solitary pulses 
are separated by intervals of time equal to half the interval which separates each 
pair of simultaneous beats from the solitary beats of the upper string. Thus the 
effect of the fifth is to produce a tickling of the ear drum such that its softness is 
modified with sprightliness, giving at the same moment the impression of a 
gentle kiss and of a bite. 


Salv. Seeing that you have derived so much pleasure from these novelties, I must 
show you a method by which the eye may enjoy the same game as the ear. 
Suspend three balls of lead, or other heavy material, by means of strings of 
different length such that while the longest makes two vibrations the shortest 
will make four and the medium three; this will take place when the longest string 
measures 16, either in hand breadths or in any other unit, the medium 9 and the 
shortest 4, all measured in the same unit. 

Now pull all these pendulums aside from the perpendicular and release them 
at the same instant; you will see a curious interplay of the threads passing each 
other in various manners but such that at the completion of every fourth 
vibration of the longest pendulum, all three will arrive simultaneously at the 
same terminus, whence they start over again to repeat the same cycle. This 
combination of vibrations, when produced on strings is precisely that which 
yields the interval of the octave and the intermediate fifth. If we employ the 
same disposition of apparatus but change the lengths of the threads, always 
however in such a way that their vibrations correspond to those of agreeable 
musical intervals, we shall see a different crossing of these threads but always 
such that, after a definite interval of time and after a definite number of 
vibrations, all the threads, whether three or four, will reach the same terminus at 
the same instant, and then begin a repetition of the cycle. 

If however the vibrations of two or more strings are incommensurable so that 
they never complete a definite number of vibrations at the same instant, or if 
commensurable they return only after a long interval of time and after a large 
number of vibrations, then the eye is confused by the disorderly succession of 
crossed threads. In like manner the ear is pained by an irregular sequence of air 
waves which strike the tympanum without any fixed order. 

But, gentlemen, whither have we drifted during these many hours lured on by 
various problems and unexpected digressions? The day is already ended and we 
have scarcely touched the subject proposed for discussion. Indeed we have 
deviated so far that I remember only with difficulty our early introduction and 


the little progress made in the way of hypotheses and principles for use in later 
demonstrations. 


Sagr. Let us then adjourn for to-day in order that our minds may find 
refreshment in sleep and that we may return tomorrow, if so please you, and 
resume the discussion of the main question. 


Salv. I shall not fail to be here tomorrow at the same hour, hoping not only to 
render you service but also to enjoy your company. 
End of the first day. 


Second Day 


SAGR. While Simplicio and I were awaiting your arrival we were trying to 
recall that last consideration which you advanced as a principle and basis for the 
results you intended to obtain; this consideration dealt with the resistance which 
all solids offer to fracture and depended upon a certain cement which held the 
parts glued together so that they would yield and separate only under 
considerable pull [potente attrazzione]. Later we tried to find the explanation of 
this coherence, seeking it mainly in the vacuum; this was the occasion of our 
many digressions which occupied the entire day and led us far afield from the 
original question which, as I have already stated, was the consideration of the 
resistance [resistenza] that solids offer to fracture. 


Salv. I remember it all very well. Resuming the thread of our discourse, 
whatever the nature of this resistance which solids offer to large tractive forces 
[violenta attrazzione] there can at least be no doubt of its existence; and though 
this resistance is very great in the case of a direct pull, it is found, as a rule, to be 
less in the case of bending forces [nel violentargli per traverso]. Thus, for 
example, a rod of steel or of glass will sustain a longitudinal pull of a thousand 
pounds while a weight of fifty pounds would be quite sufficient to break it if the 
rod were fastened at right angles into a vertical wall. It is this second type of 
resistance which we must consider, seeking to discover in what proportion it is 
found in prisms and cylinders of the same material, whether alike or unlike in 
shape, length, and thickness. In this discussion I shall take for granted the well- 
known mechanical principle which has been shown to govern the behavior of a 
bar, which we call a lever, namely, that the force bears to the resistance the 
inverse ratio of the distances which separate the fulcrum from the force and 
resistance respectively. 


Simp. This was demonstrated first of all by Aristotle, in his Mechanics. 


Salv. Yes, I am willing to concede him priority in point of time; but as regards 
rigor of demonstration the first place must be given to Archimedes, since upon a 
single proposition proved in his book on Equilibrium'® depends not only the law 
of the lever but also those of most other mechanical devices. 


16 Works of Archimedes. Trans. by T. L. Heath, pp. 189-220. [Trans.] 


Sagr. Since now this principle is fundamental to all the demonstrations which 
you propose to set forth would it not be advisable to give us a complete and 
thorough proof of this proposition unless possibly it would take too much time? 


Salv. Yes, that would be quite proper, but it is better I think to approach our 
subject in a manner somewhat different from that employed by Archimedes, 
namely, by first assuming merely that equal weights placed in a balance of equal 
arms will produce equilibrium — a principle also assumed by Archimedes — 
and then proving that it is no less true that unequal weights produce equilibrium 
when the arms of the steelyard have lengths inversely proportional to the weights 
suspended from them; in other words, it amounts to the same thing whether one 
places equal weights at equal distances or unequal weights at distances which 
bear to each other the inverse ratio of the weights. 

In order to make this matter clear imagine a prism or solid cylinder, AB, 
suspended at each end to the rod [linea] HI, and supported by two threads HA 
and IB; it is evident that if I attach a thread, C, at the middle point of the balance 
beam HI, the entire prism AB will, according to the principle assumed, hang in 
equilibrium since one-half its weight lies on one side, and the other half on the 
other side, of the point of suspension C. Now suppose the prism to be divided 
into unequal parts by a plane through the line D, and let the part DA be the larger 
and DB the smaller: this division having been made, imagine a thread ED, 
attached at the point E and supporting the parts AD and DB, in order that these 
parts may remain in the same position relative to line HI: and since the relative 
position of the prism and the beam HI remains unchanged, there can be no doubt 
but that the prism will maintain its former state of equilibrium. But 
circumstances would remain the same if that part of the prism which is now held 
up, at the ends, by the threads AH and DE were supported at the middle by a 
single thread GL; and likewise the other part DB would not change position if 
held by a thread FM placed at its middle point. Suppose now the threads HA, 
ED, and IB to be removed, leaving only the two GL and FM, then the same 
equilibrium will be maintained so long as the suspension is at C. Now let us 
consider that we have here two heavy bodies AD and DB hung at the ends G and 
F, of a balance beam GF in equilibrium about the point C, so that the line CG is 
the distance from C to the point of suspension of the heavy body AD, while CF 
is the distance at which the other heavy body, DB, is supported. It remains now 
only to show that these distances bear to each other the inverse ratio of the 
weights themselves, that is, the distance GC is to the distance CF as the prism 
DB is to the prism DA — a proposition which we shall prove as follows: Since 
the line GE is the half of EH, and since EF is the half of EI, the whole length GF 


will be half of the entire line HI, and therefore equal to CI: if now we subtract 
the common part CF the remainder GC will be equal to the remainder FI, that is, 
to FE, and if to each of these we add CE we shall have GE equal to CF: hence 
GE:EF=FC:CG. But GE and EF bear the same ratio to each other as do their 
doubles HE and EI, that is, the same ratio as the prism AD to DB. Therefore, by 
equating ratios we have, convertendo, the distance GC is to the distance CF as 
the weight BD is to the weight DA, which is what I desired to prove. 


aea 





This principle established, I desire, before passing to any other subject, to call 
your attention to the fact that these forces, resistances, moments, figures, etc., 
may be considered either in the abstract, dissociated from matter, or in the 
concrete, associated with matter. Hence the properties which belong to figures 
that are merely geometrical and non-material must be modified when we fill 
these figures with matter and therefore give them weight. Take, for example, the 
lever BA which, resting upon the support E, is used to lift a heavy stone D. The 
principle just demonstrated makes it clear that a force applied at the extremity B 
will just suffice to equilibrate the resistance offered by the heavy body D 
provided this force [momento] bears to the force [momento] at D the same ratio 
as the distance AC bears to the distance CB; and this is true so long as we 
consider only the moments of the single force at B and of the resistance at D, 
treating the lever as an immaterial body devoid of weight. But if we take into 
account the weight of the lever itself — an instrument which may be made either 
of wood or of iron — it is manifest that, when this weight has been added to the 
force at B, the ratio will be changed and must therefore be expressed in different 
terms. Hence before going further let us agree to distinguish between these two 
points of view; when we consider an instrument in the abstract, i. e., apart from 
the weight of its own material, we shall speak of “taking it in an absolute sense” 
[prendere assolutamente]; but if we fill one of these simple and absolute figures 
with matter and thus give it weight, we shall refer to such a material figure as a 
“moment” or “compound force” [momento o forza composta]. 





Sagr. I must break my resolution about not leading you off into a digression; for 
I cannot concentrate my attention upon what is to follow until a certain doubt is 
removed from my mind, namely, you seem to compare the force at B with the 
total weight of the stone D, a part of which — possibly the greater part — rests 
upon the horizontal plane: so that... 


Salv. I understand perfectly: you need go no further. However please observe 
that I have not mentioned the total weight of the stone; I spoke only of its force 
[momento] at the point A, the extremity of the lever BA, which force is always 
less than the total weight of the stone, and varies with its shape and elevation. 


Sagr. Good: but there occurs to me another question about which I am curious. 
For a complete understanding of this matter, I should like you to show me, if 
possible, how one can determine what part of the total weight is supported by the 
underlying plane and what part by the end A of the lever. 


Salv. The explanation will not delay us long and I shall therefore have pleasure 
in granting your request. In the accompanying figure, let us understand that the 
weight having its center of gravity at A rests with the end B upon the horizontal 
plane and with the other end upon the lever CG. Let N be the fulcrum of a lever 
to which the force [potenza] is applied at G. Let fall the perpendiculars, AO and 
CF, from the center A and the end C. Then I say, the magnitude [momento] of 
the entire weight bears to the magnitude of the force [momento della potenza] at 
G a ratio compounded of the ratio between the two distances GN and NC and the 
ratio between FB and BO. Lay off a distance X such that its ratio to NC is the 
same as that of BO to FB; then, since the total weight A is counterbalanced by 
the two forces at B and at C, it follows that the force at B is to that at C as the 
distance FO is to the distance OB. Hence, componendo, the sum of the forces at 
B and C, that is, the total weight A [momento di tutto ‘l peso A], is to the force at 
C as the line FB is to the line BO, that is, as NC is to X: but the force [momento 
della potenza] applied at C is to the force applied at G as the distance GN is to 


the distance NC; hence it follows, ex equali in proportione perturbata,” that the 
entire weight A is to the force applied at G as the distance GN is to X. But the 
ratio of GN to X is compounded of the ratio of GN to NC and of NC to X, that 
is, of FB to BO; hence the weight A bears to the equilibrating force at G a ratio 
compounded of that of GN to NC and of FB to BO: which was to be proved. 


17 For definition of perturbata see Todhunter’s Euclid. Book V, Def. 20. [Trans.] 





Fig. 16 


Let us now return to our original subject; then, if what has hitherto been said 
is clear, it will be easily understood that, 


Proposition I 


A prism or solid cylinder of glass, steel, wood or other breakable material which 
is capable of sustaining a very heavy weight when applied longitudinally is, as 
previously remarked, easily broken by the transverse application of a weight 
which may be much smaller in proportion as the length of the cylinder exceeds 
its thickness. 

Let us imagine a solid prism ABCD fastened into a wall at the end AB, and 
supporting a weight E at the other end; understand also that the wall is vertical 
and that the prism or cylinder is fastened at right angles to the wall. It is clear 
that, if the cylinder breaks, fracture will occur at the point B where the edge of 
the mortise acts as a fulcrum for the lever BC, to which the force is applied; the 
thickness of the solid BA is the other arm of the lever along which is located the 
resistance. This resistance opposes the separation of the part BD, lying outside 
the wall, from that portion lying inside. From the preceding, it follows that the 
magnitude [momento] of the force applied at C bears to the magnitude 
[momento] of the resistance, found in the thickness of the prism, i. e., in the 
attachment of the base BA to its contiguous parts, the same ratio which the 
length CB bears to half the length BA; if now we define absolute resistance to 
fracture as that offered to a longitudinal pull (in which case the stretching force 
acts in the same direction as that through which the body is moved), then it 


follows that the absolute resistance of the prism BD is to the breaking load 
placed at the end of the lever BC in the same ratio as the length BC is to the half 
of AB in the case of a prism, or the semidiameter in the case of a cylinder. This 
is our first proposition.'® Observe that in what has here been said the weight of 
the solid BD itself has been left out of consideration, or rather, the prism has 
been assumed to be devoid of weight. But if the weight of the prism is to be 
taken account of in conjunction with the weight E, we must add to the weight E 
one half that of the prism BD: so that if, for example, the latter weighs two 
pounds and the weight E is ten pounds we must treat the weight E as if it were 
eleven pounds. 


18 The one fundamental error which is implicitly introduced into this proposition and which is carried 
through the entire discussion of the Second Day consists in a failure to see that, in such a beam, there must 
be equilibrium between the forces of tension and compression over any cross-section. The correct point of 
view seems first to have been found by E. Mariotte in 1680 and by A. Parent in 1713. Fortunately this error 
does not vitiate the conclusions of the subsequent propositions which deal only with proportions — not 
actual strength — of beams. Following K. Pearson (Todhunter’s History of Elasticity) one might say that 
Galileo’s mistake lay in supposing the fibres of the strained beam to be inextensible. Or, confessing the 
anachronism, one might say that the error consisted in taking the lowest fibre of the beam as the neutral 
axis. [Trans. | 


Simp. Why not twelve? 


Salv. The weight E, my dear Simplicio, hanging at the extreme end C acts upon 
the lever BC with its full moment of ten pounds: so also would the solid BD if 
suspended at the same point exert its full moment of two pounds; but, as you 
know, this solid is uniformly distributed throughout its entire length, BC, so that 
the parts which lie near the end B are less effective than those more remote. 





Accordingly if we strike a balance between the two, the weight of the entire 
prism may be considered as concentrated at its center of gravity which lies 
midway of the lever BC. But a weight hung at the extremity C exerts a moment 
twice as great as it would if suspended from the middle: therefore if we consider 
the moments of both as located at the end C we must add to the weight E one- 
half that of the prism. 


Simp. I understand perfectly; and moreover, if I mistake not, the force of the two 
weights BD and E, thus disposed, would exert the same moment as would the 
entire weight BD together with twice the weight E suspended at the middle of 
the lever BC. 


Salv. Precisely so, and a fact worth remembering. Now we can readily 
understand 


Proposition II 


How and in what proportion a rod, or rather a prism, whose width is greater than 
its thickness offers more resistance to fracture when the force is applied in the 
direction of its breadth than in the direction of its thickness. 
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For the sake of clearness, take a ruler ad whose width is ac and whose 
thickness, cb, is much less than its width. The question now is why will the ruler, 
if stood on edge, as in the first figure, withstand a great weight T, while, when 
laid flat, as in the second figure, it will not support the weight X which is less 
than T. The answer is evident when we remember that in the one case the 
fulcrum is at the line bc, and in the other case at ca, while the distance at which 
the force is applied is the same in both cases, namely, the length bd: but in the 
first case the distance of the resistance from the fulcrum — half the line ca — is 
greater than in the other case where it is only half of bc. Therefore the weight T 
is greater than X in the same ratio as half the width ca is greater than half the 
thickness bc, since the former acts as a lever arm for ca, and the latter for cb, 
against the same resistance, namely, the strength of all the fibres in the cross- 
section ab. We conclude, therefore, that any given ruler, or prism, whose width 
exceeds its thickness, will offer greater resistance to fracture when standing on 
edge than when lying flat, and this in the ratio of the width to the thickness. 


Proposition III 


Considering now the case of a prism or cylinder growing longer in a horizontal 
direction, we must find out in what ratio the moment of its own weight increases 
in comparison with its resistance to fracture. This moment I find increases in 
proportion to the square of the length. In order to prove this let AD be a prism or 
cylinder lying horizontal with its end A firmly fixed in a wall. Let the length of 
the prism be increased by the addition of the portion BE. It is clear that merely 
changing the length of the lever from AB to AC will, if we disregard its weight, 
increase the moment of the force [at the end] tending to produce fracture at A in 
the ratio of CA to BA. But, besides this, the weight of the solid portion BE, 
added to the weight of the solid AB increases the moment of the total weight in 
the ratio of the weight of the prism AE to that of the prism AB, which is the 
same as the ratio of the length AC to AB. 

It follows, therefore, that, when the length and weight are simultaneously 
increased in any given proportion, the moment, which is the product of these 
two, is increased in a ratio which is the square of the preceding proportion. The 
conclusion is then that the bending moments due to the weight of prisms and 
cylinders which have the same thickness but different lengths, bear to each other 
a ratio which is the square of the ratio of their lengths, or, what is the same thing, 
the ratio of the squares of their lengths. 

We shall next show in what ratio the resistance to fracture [bending strength], 
in prisms and cylinders, increases with increase of thickness while the length 
remains unchanged. Here I say that 
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Proposition IV 


In prisms and cylinders of equal length, but of unequal thicknesses, the 
resistance to fracture increases in the same ratio as the cube of the diameter of 
the thickness, i. e., of the base. 
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From the preceding we are able to conclude that 


Corollary 


The resistance [strength] of a prism or cylinder of constant length varies in the 
sesquialteral ratio of its volume. 

This is evident because the volume of a prism or cylinder of constant altitude 
varies directly as the area of its base, i. e., as the square of a side or diameter of 
this base; but, as just demonstrated, the resistance [strength] varies as the cube of 
this same side or diameter. Hence the resistance varies in the sesquialteral ratio 
of the volume — consequently also of the weight — of the solid itself. 


Simp. Before proceeding further I should like to have one of my difficulties 
removed. Up to this point you have not taken into consideration a certain other 
kind of resistance which, it appears to me, diminishes as the solid grows longer, 
and this is quite as true in the case of bending as in pulling; it is precisely thus 
that in the case of a rope we observe that a very long one is less able to support a 
large weight than a short one. Whence, I believe, a short rod of wood or iron will 
support a greater weight than if it were long, provided the force be always 
applied longitudinally and not transversely, and provided also that we take into 
account the weight of the rope itself which increases with its length. 


Salv. I fear, Simplicio, if I correctly catch your meaning, that in this particular 
you are making the same mistake as many others; that is if you mean to say that 
a long rope, one of perhaps 40 cubits, cannot hold up so great a weight as a 
shorter length, say one or two cubits, of the same rope. 

Simp. That is what I meant, and as far as I see the proposition is highly probable. 


Salv. On the contrary, I consider it not merely improbable but false; and I think I 
can easily convince you of your error. Let AB represent the rope, fastened at the 
upper end A: at the lower end attach a weight C whose force is just sufficient to 
break the rope. Now, Simplicio, point out the exact place where you think the 
break ought to occur. 

Let us say D. 


Salv. And why at D? 


Simp. Because at this point the rope is not strong enough to support, say, 100 
pounds, made up of the portion of the rope DB and the stone C. 


Salv. Accordingly whenever the rope is stretched [violentata] with the weight of 
100 pounds at D it will break there. 


Simp. I think so. 


Salv. But tell me, if instead of attaching the weight at the end of the rope, B, one 
fastens it at a point nearer D, say, at E: or if, instead of fixing the upper end of 
the rope at A, one fastens it at some point F, just above D, will not the rope, at 
the point D, be subject to the same pull of 100 pounds? 


Simp. It would, provided you include with the stone C the portion of rope EB. 


Salv. Let us therefore suppose that the rope is stretched at the point D with a 
weight of 100 pounds, then according to your own admission it will break; but 
FE is only a small portion of AB; how can you therefore maintain that the long 
rope is weaker than the short one? Give up then this erroneous view which you 
share with many very intelligent people, and let us proceed. 

Now having demonstrated that, in the case of [uniformly loaded] prisms and 
cylinders of constant thickness, the moment of force tending to produce fracture 
[momento sopra le proprie resistenze] varies as the square of the length; and 
having likewise shown that, when the length is constant and the thickness varies, 
the resistance to fracture varies as the cube of the side, or diameter, of the base, 
let us pass to the investigation of the case of solids which simultaneously vary in 
both length and thickness. Here I observe that, 





Proposition V 


Prisms and cylinders which differ in both length and thickness offer resistances 
to fracture [i. e., can support at their ends loads] which are directly proportional 
to the cubes of the diameters of their bases and inversely proportional to their 
lengths. 
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This proposition having been demonstrated, let us next consider the case of 
prisms and cylinders which are similar. Concerning these we shall show that, 


Propositionhi VI 


In the case of similar cylinders and prisms, the moments [stretching forces] 
which result from multiplying together their weight and length [i. e., from the 
moments produced by their own weight and length], which latter acts as a lever- 
arm, bear to each other a ratio which is the sesquialteral of the ratio between the 
resistances of their bases. 

In order to prove this let us indicate the two similar cylinders by AB and CD: 
then the magnitude of the force [momento] in the cylinder AB, opposing the 
resistance of its base B, bears to the magnitude [momento] of the force at CD, 
opposing the resistance of its base D, a ratio which is the sesquialteral of the 
ratio between the resistance of the base B and the resistance of the base D. And 
since the solids AB and CD, are effective in opposing the resistances of their 
bases B and D, in proportion to their weights and to the mechanical advantages 
[forze] of their lever arms respectively, and since the advantage [forza] of the 
lever arm AB is equal to the advantage [forza] of the lever arm CD (this is true 
because in virtue of the similarity of the cylinders the length AB is to the radius 
of the base B as the length CD is to the radius of the base D), it follows that the 
total force [momento] of the cylinder AB is to the total force [momento] of the 
cylinder CD as the weight alone of the cylinder AB is to the weight alone of the 
cylinder CD, that is, as the volume of the cylinder AB [P istesso cilindro AB] is 
to the volume CD [all’istesso CD]: but these are as the cubes of the diameters of 
their bases B and D; and the resistances of the bases, being to each other as their 
areas, are to each other consequently as the squares of their diameters. Therefore 
the forces [momenti] of the cylinders are to each other in the sesquialteral ratio 
of the resistance of their bases.’ 


19 The preceding paragraph beginning with Prop. VI is of more than usual interest as illustrating the 
confusion of terminology current in the time of Galileo. The translation given is literal except in the case of 
those words for which the Italian is supplied. The facts which Galileo has in mind are so evident that it is 
difficult to see how one can here interpret “moment” to mean the force “opposing the resistance of its base,” 
unless “the force of the lever arm AB” be taken to mean “the mechanical advantage of the lever made up of 
AB and the radius of the base B”; and similarly for “the force of the lever arm CD.” [Trans.] 
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Simp. This proposition strikes me as both new and surprising: at first glance it is 
very different from anything which I myself should have guessed: for since these 
figures are similar in all other respects, I should have certainly thought that the 
forces [momenti] and the resistances of these cylinders would have borne to each 
other the same ratio. 


Sagr. This is the proof of the proposition to which I referred, at the very 
beginning of our discussion, as one imperfectly understood by me. 


Salv. For a while, Simplicio, I used to think, as you do, that the resistances of 
similar solids were similar; but a certain casual observation showed me that 
similar solids do not exhibit a strength which is proportional to their size, the 
larger ones being less fitted to undergo rough usage just as tall men are more apt 
than small children to be injured by a fall. And, as we remarked at the outset, a 
large beam or column falling from a given height will go to pieces when under 
the same circumstances a small scantling or small marble cylinder will not 
break. It was this observation which led me to the investigation of the fact which 
I am about to demonstrate to you: it is a very remarkable thing that, among the 
infinite variety of solids which are similar one to another, there are no two of 
which the forces [momenti], and the resistances of these solids are related in the 
same ratio. 

Simp. You remind me now of a passage in Aristotle’s Questionsin Mechanics in 
which he tries to explain why it is that a wooden beam becomes weaker and can 
be more easily bent as it grows longer, notwithstanding the fact that the shorter 
beam is thinner and the longer one thicker: and, if I remember correctly, he 
explains it in terms of the simple lever. 


Salv. Very true: but, since this solution seemed to leave room for doubt, Bishop 
di Guevara,” whose truly learned commentaries have greatly enriched and 
illuminated this work, indulges in additional clever speculations with the hope of 
thus overcoming all difficulties; nevertheless even he is confused as regards this 
particular point, namely, whether, when the length and thickness of these solid 
figures increase in the same ratio, their strength and resistance to fracture, as 
well as to bending, remain constant. After much thought upon this subject, I 
have reached the following result. First I shall show that, 


20 Bishop of Teano; b. 1561; d. 1641. [Trans.] 


Proposition VII 


Among heavy prisms and cylinders of similar figure, there is one and only one 
which under the stress of its own weight lies just on the limit between breaking 
and not breaking: so that every larger one is unable to carry the load of its own 
weight and breaks; while every smaller one is able to withstand some additional 
force tending to break it. 

Let AB be a heavy prism, the longest possible that will just sustain its own 
weight, so that if it be lengthened the least bit it will break. Then, I say, this 
prism is unique among all similar prisms — infinite in number — in occupying 
that boundary line between breaking and not breaking; so that every larger one 
will break under its own weight, and every smaller one will not break, but will 
be able to withstand some force in addition to its own weight. 

Let the prism CE be similar to, but larger than, AB: then, I say, it will not 
remain intact but will break under its own weight. Lay off the portion CD, equal 
in length to AB. And, since, the resistance [bending strength] of CD is to that of 
AB as the cube of the thickness of CD is to the cube of the thickness of AB, that 
is, as the prism CE is to the similar prism AB, it follows that the weight of CE is 
the utmost load which a prism of the length CD can sustain; but the length of CE 
is greater; therefore the prism CE will break. Now take another prism FG which 
is smaller than AB. Let FH equal AB, then it can be shown in a similar manner 
that the resistance [bending strength] of FG is to that of AB as the prism FG is to 
the prism AB provided the distance AB that is FH, is equal to the distance FG; 
but AB is greater than FG, and therefore the moment of the prism FG applied at 
G is not sufficient to break the prism FG. 





Sagr. The demonstration is short and clear; while the proposition which, at first 
glance, appeared improbable is now seen to be both true and inevitable. In order 
therefore to bring this prism into that limiting condition which separates 
breaking from not breaking, it would be necessary to change the ratio between 
thickness and length either by increasing the thickness or by diminishing the 
length. An investigation of this limiting state will, I believe, demand equal 
ingenuity. 


Salv. Nay, even more; for the question is more difficult; this I know because I 
spent no small amount of time in its discovery which I now wish to share with 
you. 


Proposition VIII 


Given a cylinder or prism of the greatest length consistent with its not breaking 
under its own weight; and having given a greater length, to find the diameter of 
another cylinder or prism of this greater length which shall be the only and 
largest one capable of withstanding its own weight. 

Let BC be the largest cylinder capable of sustaining its own weight; and let 
DE be a length greater than AC: the problem is to find the diameter of the 
cylinder which, having the length DE, shall be the largest one just able to 
withstand its own weight. Let I be a third proportional to the lengths DE and AC; 
let the diameter FD be to the diameter BA as DE is to I; draw the cylinder FE; 
then, among all cylinders having the same proportions, this is the largest and 
only one just capable of sustaining its own weight. 

Let M be a third proportional to DE and I: also let O be a fourth proportional 
to DE, I, and M; lay off FG equal to AC. Now since the diameter FD is to the 
diameter AB as the length DE is to I, and since O is a fourth proportional to DE, 
I and M, it follows that :=DE:O. But the resistance [bending strength] of the 
cylinder DG is to the resistance of the cylinder BC as the cube of FD is to the 
cube of BA: hence the resistance of the cylinder DG is to that of cylinder BC as 
the length DE is to O. And since the moment of the cylinder BC is held in 
equilibrium by [é equale alla] its resistance, we shall accomplish our end (which 
is to prove that the moment of the cylinder FE is equal to the resistance located 
at FD), if we show that the moment of the cylinder FE is to the moment of the 
cylinder BC as the resistance DF is to the resistance BA, that is, as the cube of 
FD is to the cube of BA, or as the length DE is to O. The moment of the cylinder 
FE is to the moment of the cylinder DG as the square of DE is to the square of 
AC, that is, as the length DE is to I; but the moment of the cylinder DG is to the 
moment of the cylinder BC, as the square of DF is to the square of BA, that is, as 
the square of DE is to the square of I, or as the square of I is to the square of M, 
or, as I is to O. Therefore by equating ratios, it results that the moment of the 
cylinder FE is to the moment of the cylinder BC as the length DE is to O, that is, 
as the cube of DF is to the cube of BA, or as the resistance of the base DF is to 
the resistance of the base BA; which was to be proven. 
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Sagr. This demonstration, Salviati, is rather long and difficult to keep in mind 
from a single hearing. Will you not, therefore, be good enough to repeat it? 


Salv. As you like; but I would suggest instead a more direct and a shorter proof: 
this will, however, necessitate a different figure. 

The favor will be that much greater: nevertheless I hope you will oblige me 
by putting into written form the argument just given so that I may study it at my 
leisure. 


Salv. I shall gladly do so. Let A denote a cylinder of diameter DC and the largest 
capable of sustaining its own weight: the problem is to determine a larger 
cylinder which shall be at once the maximum and the unique one capable of 
sustaining its own weight. 

Let E be such a cylinder, similar to A, having the assigned length, and having 
a diameter KL. Let MN be a third proportional to the two lengths DC and KL: 
let MN also be the diameter of another cylinder, X, having the same length as E: 
then, I say, X is the cylinder sought. Now since the resistance of the base DC is 
to the resistance of the base KL as the square of DC is to the square of KL, that 
is, as the square of KL is to the square of MN, or, as the cylinder E is to the 
cylinder X, that is, as the moment E is to the moment X; and since also the 
resistance [bending strength] of the base KL is to the resistance of the base MN 
as the cube of KL is to the cube of MN, that is, as the cube of DC is to the cube 


of KL, or, as the cylinder A is to the cylinder E, that is, as the moment of A is to 
the moment of E; hence it follows, ex equali in proportione perturbata,” that 
the moment of A is to the moment of X as the resistance of the base DC is to the 
resistance of the base MN; therefore moment and resistance are related to each 
other in prism X precisely as they are in prism A. 


21 For definition of perturbata see Todhunter’s Euclid, Book V, Def. 20. [Trans.] 
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Let us now generalize the problem; then it will read as follows: 

Given a cylinder AC in which moment and resistance [bending strength] are 
related in any manner whatsoever; let DE be the length of another cylinder; then 
determine what its thickness must be in order that the relation between its 
moment and resistance shall be identical with that of the cylinder AC. 

Using Fig. 25 in the same manner as above, we may say that, since the 
moment of the cylinder FE is to the moment of the portion DG as the square of 
ED is to the square of FG, that is, as the length DE is to I; and since the moment 


of the cylinder FG is to the moment of the cylinder AC as the square of FD is to 
the square of AB, or, as the square of ED is to the square of I, or, as the square of 
I is to the square of M, that is, as the length I is to O; it follows, ex equali, that 
the moment of the cylinder FE is to the moment of the cylinder AC as the length 
DE is to O, that is, as the cube of DE is to the cube of I, or, as the cube of FD is 
to the cube of AB, that is, as the resistance of the base FD is to the resistance of 
the base AB; which was to be proven. 

From what has already been demonstrated, you can plainly see the 
impossibility of increasing the size of structures to vast dimensions either in art 
or in nature; likewise the impossibility of building ships, palaces, or temples of 
enormous size in such a way that their oars, yards, beams, iron-bolts, and, in 
short, all their other parts will hold together; nor can nature produce trees of 
extraordinary size because the branches would break down under their own 
weight; so also it would be impossible to build up the bony structures of men, 
horses, or other animals so as to hold together and perform their normal 
functions if these animals were to be increased enormously in height; for this 
increase in height can be accomplished only by employing a material which is 
harder and stronger than usual, or by enlarging the size of the bones, thus 
changing their shape until the form and appearance of the animals suggest a 
monstrosity. This is perhaps what our wise Poet had in mind, when he says, in 
describing a huge giant: 

“Impossible it is to reckon his height 

“So beyond measure is his size.” 
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Non si puo compartir quanto sia lungo, 

Si smisuratamente è tutto grosso. 

Ariosto’s Orlando Furioso, XVII, 30 [Trans. ] 

To illustrate briefly, I have sketched a bone whose natural length has been 
increased three times and whose thickness has been multiplied until, for a 
correspondingly large animal, it would perform the same function which the 
small bone performs for its small animal. From the figures here shown you can 
see how out of proportion the enlarged bone appears. Clearly then if one wishes 
to maintain in a great giant the same proportion of limb as that found in an 
ordinary man he must either find a harder and stronger material for making the 
bones, or he must admit a diminution of strength in comparison with men of 
medium stature; for if his height be increased inordinately he will fall and be 
crushed under his own weight. Whereas, if the size of a body be diminished, the 


strength of that body is not diminished in the same proportion; indeed the 
smaller the body the greater its relative strength. Thus a small dog could 
probably carry on his back two or three dogs of his own size; but I believe that a 
horse could not carry even one of his own size. 
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Simp. This may be so; but I am led to doubt it on account of the enormous size 
reached by certain fish, such as the whale which, I understand, is ten times as 
large as an elephant; yet they all support themselves. 


Salv. Your question, Simplicio, suggests another principle, one which had 
hitherto escaped my attention and which enables giants and other animals of vast 
size to support themselves and to move about as well as smaller animals do. This 
result may be secured either by increasing the strength of the bones and other 
parts intended to carry not only their weight but also the superincumbent load; 
or, keeping the proportions of the bony structure constant, the skeleton will hold 
together in the same manner or even more easily, provided one diminishes, in 
the proper proportion, the weight of the bony material, of the flesh, and of 
anything else which the skeleton has to carry. It is this second principle which is 
employed by nature in the structure of fish, making their bones and muscles not 
merely light but entirely devoid of weight. 


Simp. The trend of your argument, Salviati, is evident. Since fish live in water 
which on account of its density [corpulenza] or, as others would say, heaviness 
[gravità] diminishes the weight [peso] of bodies immersed in it, you mean to say 
that, for this reason, the bodies of fish will be devoid of weight and will be 
supported without injury to their bones. But this is not all; for although the 
remainder of the body of the fish may be without weight, there can be no 
question but that their bones have weight. Take the case of a whale’s rib, having 
the dimensions of a beam; who can deny its great weight or its tendency to go to 
the bottom when placed in water? One would, therefore, hardly expect these 
great masses to sustain themselves. 


Salv. A very shrewd objection! And now, in reply, tell me whether you have 
ever seen fish stand motionless at will under water, neither descending to the 
bottom nor rising to the top, without the exertion of force by swimming? 


Simp. This is a well-known phenomenon. 


Salv. The fact then that fish are able to remain motionless under water is a 
conclusive reason for thinking that the material of their bodies has the same 
specific gravity as that of water; accordingly, if in their make-up there are certain 
parts which are heavier than water there must be others which are lighter, for 
otherwise they would not produce equilibrium. 

Hence, if the bones are heavier, it is necessary that the muscles or other 
constituents of the body should be lighter in order that their buoyancy may 
counterbalance the weight of the bones. In aquatic animals therefore 
circumstances are just reversed from what they are with land animals inasmuch 
as, in the latter, the bones sustain not only their own weight but also that of the 
flesh, while in the former it is the flesh which supports not only its own weight 
but also that of the bones. We must therefore cease to wonder why these 
enormously large animals inhabit the water rather than the land, that is to say, 
the air. 


Simp. I am convinced and I only wish to add that what we call land animals 
ought really to be called air animals, seeing that they live in the air, are 
surrounded by air, and breathe air. 


Sagr. I have enjoyed Simplicio’s discussion including both the question raised 
and its answer. Moreover I can easily understand that one of these giant fish, if 
pulled ashore, would not perhaps sustain itself for any great length of time, but 


would be crushed under its own mass as soon as the connections between the 
bones gave way. 


Salv. I am inclined to your opinion; and, indeed, I almost think that the same 
thing would happen in the case of a very big ship which floats on the sea without 
going to pieces under its load of merchandise and armament, but which on dry 
land and in air would probably fall apart. But let us proceed and show how: 

Given a prism or cylinder, also its own weight and the maximum load which 
it can carry, it is then possible to find a maximum length beyond which the 
cylinder cannot be prolonged without breaking under its own weight. 

Let AC indicate both the prism and its own weight; also let D represent the 
maximum load which the prism can carry at the end C without fracture; it is 
required to find the maximum to which the length of the said prism can be 
increased without breaking. Draw AH of such a length that the weight of the 
prism AC is to the sum of AC and twice the weight D as the length CA is to AH; 
and let AG be a mean proportional between CA and AH; then, I say, AG is the 
length sought. Since the moment of the weight [momento gravante] D attached 
at the point C is equal to the moment of a weight twice as large as D placed at 
the middle point AC, through which the weight of the prism AC acts, it follows 
that the moment of the resistance of the prism AC located at A is equivalent to 
twice the weight D plus the weight of AC, both acting through the middle point 
of AC. And since we have agreed that the moment of the weights thus located, 
namely, twice D plus AC, bears to the moment of AC the same ratio which the 
length HA bears to CA and since AG is a mean proportional between these two 
lengths, it follows that the moment of twice D plus AC is to the moment of AC 
as the square of GA is to the square of CA. But the moment arising from the 
weight [momento premente] of the prism GA is to the moment of AC as the 
square of GA is to the square of CA; thence AG is the maximum length sought, 
that is, the length up to which the prism AC may be prolonged and still support 
itself, but beyond which it will break. 
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Hitherto we have considered the moments and resistances of prisms and solid 
cylinders fixed at one end with a weight applied at the other end; three cases 
were discussed, namely, that in which the applied force was the only one acting, 
that in which the weight of the prism itself is also taken into consideration, and 
that in which the weight of the prism alone is taken into consideration. Let us 
now consider these same prisms and cylinders when supported at both ends or at 
a single point placed somewhere between the ends. In the first place, I remark 
that a cylinder carrying only its own weight and having the maximum length, 
beyond which it will break, will, when supported either in the middle or at both 
ends, have twice the length of one which is mortised into a wall and supported 
only at one end. This is very evident because, if we denote the cylinder by ABC 
and if we assume that one-half of it, AB, is the greatest possible length capable 
of supporting its own weight with one end fixed at B, then, for the same reason, 
if the cylinder is carried on the point G, the first half will be counterbalanced by 
the other half BC. So also in the case of the cylinder DEF, if its length be such 
that it will support only one-half this length when the end D is held fixed, or the 
other half when the end F is fixed, then it is evident that when supports, such as 
H and I, are placed under the ends D and F respectively the moment of any 
additional force or weight placed at E will produce fracture at this point. 





A more intricate and difficult problem is the following: neglect the weight of 
a solid such as the preceding and find whether the same force or weight which 
produces fracture when applied at the middle of a cylinder, supported at both 
ends, will also break the cylinder when applied at some other point nearer one 
end than the other. 

Thus, for example, if one wished to break a stick by holding it with one hand 
at each end and applying his knee at the middle, would the same force be 
required to break it in the same manner if the knee were applied, not at the 
middle, but at some point nearer to one end? 


Sagr. This problem, I believe, has been touched upon by Aristotle in his 
Questions in Mechanics. 

His inquiry however is not quite the same; for he seeks merely to discover 
why it is that a stick may be more easily broken by taking hold, one hand at each 
end of the stick, that is, far removed from the knee, than if the hands were closer 
together. He gives a general explanation, referring it to the lengthened lever arms 
which are secured by placing the hands at the ends of the stick. Our inquiry calls 
for something more: what we want to know is whether, when the hands are 
retained at the ends of the stick, the same force is required to break it wherever 
the knee be placed. 


Sagr. At first glance this would appear to be so, because the two lever arms 
exert, in a certain way, the same moment, seeing that as one grows shorter the 
other grows correspondingly longer. 


Salv. Now you see how readily one falls into error and what caution and 
circumspection are required to avoid it. What you have just said appears at first 
glance highly probable, but on closer examination it proves to be quite far from 


true; as will be seen from the fact that whether the knee — the fulcrum of the 
two levers — be placed in the middle or not makes such a difference that, if 
fracture is to be produced at any other point than the middle, the breaking force 
at the middle, even when multiplied four, ten, a hundred, or a thousand times 
would not suffice. To begin with we shall offer some general considerations and 
then pass to the determination of the ratio in which the breaking force must 
change in order to produce fracture at one point rather than another. 

Let AB denote a wooden cylinder which is to be broken in the middle, over 
the supporting point C, and let DE represent an identical cylinder which is to be 
broken just over the supporting point F which is not in the middle. First of all it 
is clear that, since the distances AC and CB are equal, the forces applied at the 
extremities B and A must also be equal. Secondly since the distance DF is less 
than the distance AC the moment of any force acting at D is less than the 
moment of the same force at A, that is, applied at the distance CA; and the 
moments are less in the ratio of the length DF to AC; consequently it is 
necessary to increase the force [momento] at D in order to overcome, or even to 
balance, the resistance at F; but in comparison with the length AC the distance 
DF can be diminished indefinitely: in order therefore to counterbalance the 
resistance at F it will be necessary to increase indefinitely the force [forza] 
applied at D. On the other hand, in proportion as we increase the distance FE 
over that of CB, we must diminish the force at E in order to counterbalance the 
resistance at F; but the distance FE, measured in terms of CB, cannot be 
increased indefinitely by sliding the fulcrum F toward the end D; indeed, it 
cannot even be made double the length CB. Therefore the force required at E to 
balance the resistance at F will always be more than half that required at B. It is 
clear then that, as the fulcrum F approaches the end D, we must of necessity 
indefinitely increase the sum of the forces applied at E and D in order to balance, 
or overcome, the resistance at F. 





Sagr. What shall we say, Simplicio? Must we not confess that geometry is the 
most powerful of all instruments for sharpening the wit and training the mind to 
think correctly? Was not Plato perfectly right when he wished that his pupils 
should be first of all well grounded in mathematics? As for myself, I quite 
understood the property of the lever and how, by increasing or diminishing its 
length, one can increase or diminish the moment of force and of resistance; and 
yet, in the solution of the present problem I was not slightly, but greatly, 
deceived. 

Simp. Indeed I begin to understand that while logic is an excellent guide in 
discourse, it does not, as regards stimulation to discovery, compare with the 
power of sharp distinction which belongs to geometry. 


Sagr. Logic, it appears to me, teaches us how to test the conclusiveness of any 
argument or demonstration already discovered and completed; but I do not 
believe that it teaches us to discover correct arguments and demonstrations. But 
it would be better if Salviati were to show us in just what proportion the forces 
must be increased in order to produce fracture as the fulcrum is moved from one 
point to another along one and the same wooden rod. 

The ratio which you desire is determined as follows: 


If upon a cylinder one marks two points at which fracture is to be produced, 
then the resistances at these two points will bear to each other the inverse ratio of 
the rectangles formed by the distances from the respective points to the ends of 
the cylinder. 

Let A and B denote the least forces which will bring about fracture of the 
cylinder at C; likewise E and F the smallest forces which will break it at D. 
Then, I say, that the sum of the forces A and B is to the sum of the forces E and 
F as the area of the rectangle AD.DB is to the area of the rectangle AC.CB. 
Because the sum of the forces A and B bears to the sum of the forces E and F a 
ratio which is the product of the three following ratios, namely, (A+B)/B, B/F, 
and F/(F+E); but the length BA is to the length CA as the sum of the forces A 
and B is to the force B; and, as the length DB is to the length CB, so is the force 
B to the force F; also as the length AD is to AB, so is the force F to the sum of 
the forces F and E. 
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Hence it follows that the sum of the forces A and B bears to the sum of the 
forces E and F a ratio which is the product of the three following ratios, namely, 
BA/CA, BD/BC, and AD/AB. But DA/CA is the product of DA/BA and 
BA/CA. Therefore the sum of the forces A and B bears to the sum of the forces 
E and F a ratio which is the product of DA:CA and DB:CB. But the rectangle 
AD.DB bears to the rectangle AC.CB a ratio which is the product of DA/CA and 
DB/CB. Accordingly the sum of the forces A and B is to the sum of the forces E 
and F as the rectangle AD.DB is to the rectangle AC.CB, that is, the resistance to 
fracture at C is to the resistance to fracture at D as the rectangle AD.DB is to the 
rectangle AC.CB. 

q. e.d. 

Let that one of the given weights which is larger than the maximum weight 
supported at the middle of the cylinder AB bear to this maximum weight the 
same ratio which the length E bears to the length F. The problem is to find that 
point in the cylinder at which this larger weight becomes the maximum that can 


be supported. Let G be a mean proportional between the lengths E and F. Draw 
AD and S so that they bear to each other the same ratio as E to G; accordingly S 
will be less than AD. 

Let AD be the diameter of a semicircle AHD, in which take AH equal to S; 
join the points H and D and lay off DR equal to HD. Then, I say, R is the point 
sought, namely, the point at which the given weight, greater than the maximum 
supported at the middle of the cylinder D, would become the maximum load. 

On AB as diameter draw the semicircle ANB: erect the perpendicular RN and 
join the points N and D. Now since the sum of the squares on NR and RD is 
equal to the square of ND, that is, to the square of AD, or to the sum of the 
squares of AH and HD; and, since the square of HD is equal to the square of DR, 
it follows that the square of NR, that is, the rectangle AR.RB, is equal to the 
square of AH, also therefore to the square of S; but the square of S is to the 
square of AD as the length F is to the length E, that is, as the maximum weight 
supported at D is to the larger of the two given weights. Hence the latter will be 
the maximum load which can be carried at the point R; which is the solution 
sought. 


Sagr. Now I understand thoroughly; and I am thinking that, since the prism AB 
grows constantly stronger and more resistant to the pressure of its load at points 
which are more and more removed from the middle, we could in the case of 
large heavy beams cut away a considerable portion near the ends which would 
notably lessen the weight, and which, in the beam work of large rooms, would 
prove to be of great utility and convenience. 





Salv. I was just on the point of mentioning an interesting and remarkable fact 
connected with this very question. My meaning will be clearer if I draw a figure. 
Let DB represent a prism; then, as we have already shown, its resistance to 
fracture [bending strength] at the end AD, owing to a load placed at the end B, 
will be less than the resistance at CI in the ratio of the length CB to AB. Now 
imagine this same prism to be cut through diagonally along the line FB so that 
the opposite faces will be triangular; the side facing us will be FAB. Such a solid 
will have properties different from those of the prism; for, if the load remain at 
B, the resistance against fracture [bending strength] at C will be less than that at 
A in the ratio of the length CB to the length AB. This is easily proved: for if 
CNO represents a cross-section parallel to AFD, then the length FA bears to the 
length CN, in the triangle FAB, the same ratio which the length AB bears to the 
length CB. Therefore, if we imagine A and C to be the points at which the 
fulcrum is placed, the lever arms in the two cases BA, AF and BC, CN will be 
proportional [simili]. Hence the moment of any force applied at B and acting 
through the arm BA, against a resistance placed at a distance AF will be equal to 
that of the same force at B acting through the arm BC against the same 
resistance located at a distance CN. But now, if the force still be applied at B, the 


resistance to be overcome when the fulcrum is at C, acting through the arm CN, 
is less than the resistance with the fulcrum at A in the same proportion as the 
rectangular cross-section CO is less than the rectangular cross-section AD, that 
is, as the length CN is less than AF, or CB than BA. 


D I 
| a ae | as 


. 
A, c 
Fig. 33 


Consequently the resistance to fracture at C, offered by the portion OBC, is 
less than the resistance to fracture at A, offered by the entire block DAB, in the 
same proportion as the length CB is smaller than the length AB. 

By this diagonal saw-cut we have now removed from the beam, or prism DB, 
a portion, i. e., a half, and have left the wedge, or triangular prism, FBA. We 
thus have two solids possessing opposite properties; one body grows stronger as 
it is shortened while the other grows weaker. This being so it would seem not 
merely reasonable, but inevitable, that there exists a line of section such that, 
when the superfluous material has been removed, there will remain a solid of 
such figure that it will offer the same resistance [strength] at all points. 

Simp. Evidently one must, in passing from greater to less, encounter equality. 


Sagr. But now the question is what path the saw should follow in making the 
cut. 


Simp. It seems to me that this ought not to be a difficult task: for if by sawing the 
prism along the diagonal line and removing half of the material, the remainder 
acquires a property just the opposite to that of the entire prism, so that at every 
point where the latter gains strength the former becomes weaker, then it seems to 
me that by taking a middle path, i. e., by removing half the former half, or one- 
quarter of the whole, the strength of the remaining figure will be constant at all 


those points where, in the two previous figures, the gain in one was equal to the 
loss in the other. 


Salv. You have missed the mark, Simplicio. For, as I shall presently show you, 
the amount which you can remove from the prism without weakening it is not a 
quarter but a third. It now remains, as suggested by Sagredo, to discover the path 
along which the saw must travel: this, as I shall prove, must be a parabola. But it 
is first necessary to demonstrate the following lemma: 

If the fulcrums are so placed under two levers or balances that the arms 
through which the forces act are to each other in the same ratio as the squares of 
the arms through which the resistances act, and if these resistances are to each 
other in the same ratio as the arms through which they act, then the forces will 
be equal. 

Let AB and CD represent two levers whose lengths are divided by their 
fulcrums in such a way as to make the distance EB bear to the distance FD a 
ratio which is equal to the square of the ratio between the distances EA and FC. 
Let the resistances located at A and C be to each other as EA is to FC. Then, I 
say, the forces which must be applied at B and D in order to hold in equilibrium 
the resistances at A and C are equal. Let EG be a mean proportional between EB 
and FD. Then we shall have BE:EG=EG:FD=AE:CF. But this last ratio is 
precisely that which we have assumed to exist between the resistances at A and 
C. And since EG:FD=AE:CF, it follows, permutando, that EG:AE=FD:CF. 
Seeing that the distances DC and GA are divided in the same ratio by the points 
F and E, it follows that the same force which, when applied at D, will equilibrate 
the resistance at C, would if applied at G equilibrate at A a resistance equal to 
that found at C. : 
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But one datum of the problem is that the resistance at A is to the resistance at 
C as the distance AE is to the distance CF, or as BE is to EG. Therefore the force 
applied at G, or rather at D, will, when applied at B, just balance the resistance 


located at A. 
q. e.d. 


This being clear draw the parabola FNB in the face FB of the prism DB. Let 
the prism be sawed along this parabola whose vertex is at B. The portion of the 
solid which remains will be included between the base AD, the rectangular plane 
AG, the straight line BG and the surface DGBF, whose curvature is identical 
with that of the parabola FNB. This solid will have, I say, the same strength at 
every point. Let the solid be cut by a plane CO parallel to the plane AD. Imagine 
the points A and C to be the fulcrums of two levers of which one will have the 
arms BA and AF; the other BC and CN. Then since in the parabola FBA, we 
have BA:BC=-:, it is clear that the arm BA of one lever is to the arm BC of the 
other lever as the square of the arm AF is to the square of the other arm CN. 
Since the resistance to be balanced by the lever BA is to the resistance to be 
balanced by the lever BC in the same ratio as the rectangle DA is to the rectangle 
OC, that is as the length AF is to the length CN, which two lengths are the other 
arms of the levers, it follows, by the lemma just demonstrated, that the same 
force which, when applied at BG will equilibrate the resistance at DA, will also 
balance the resistance at CO. The same is true for any other section. Therefore 
this parabolic solid is equally strong throughout. 
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It can now be shown that, if the prism be sawed along the line of the parabola 
FNB, one-third part of it will be removed; because the rectangle FB and the 
surface FNBA bounded by the parabola are the bases of two solids included 
between two parallel planes, i. e., between the rectangles FB and DG; 
consequently the volumes of these two solids bear to each other the same ratio as 
their bases. But the area of the rectangle is one and a half times as large as the 
area FNBA under the parabola; hence by cutting the prism along the parabola we 
remove one-third of the volume. It is thus seen how one can diminish the weight 
of a beam by as much as thirty-three per cent without diminishing its strength; a 
fact of no small utility in the construction of large vessels, and especially in 
supporting the decks, since in such structures lightness is of prime importance. 


Sagr. The advantages derived from this fact are so numerous that it would be 
both wearisome and impossible to mention them all; but leaving this matter to 
one side, I should like to learn just how it happens that diminution of weight is 
possible in the ratio above stated. I can readily understand that, when a section is 
made along the diagonal, one-half the weight is removed; but, as for the 
parabolic section removing one-third of the prism, this I can only accept on the 
word of Salviati who is always reliable; however I prefer first-hand knowledge 
to the word of another. 


Salv. You would like then a demonstration of the fact that the excess of the 
volume of a prism over the volume of what we have called the parabolic solid is 
one-third of the entire prism. This I have already given you on a previous 
occasion; however I shall now try to recall the demonstration in which I 
remember having used a certain lemma from Archimedes’ book On Spirals,” 
namely, Given any number of lines, differing in length one from another by a 
common difference which is equal to the shortest of these lines; and given also 
an equal number of lines each of which has the same length as the longest of the 
first-mentioned series; then the sum of the squares of the lines of this second 
group will be less than three times the sum of the squares of the lines in the first 
group. But the sum of the squares of the second group will be greater than three 
times the sum of the squares of all excepting the longest of the first group. 


24 The reader will notice that two different problems are here involved. That which is suggested in the last 
remark of Sagredo is the following: 


To find a beam whose maximum stress has the same value when a constant 
load moves from one end of the beam to the other. The second problem — the 
one which Salviati proceeds to solve — is the following: To find a beam in all 
cross-sections of which the maximum stress is the same for a constant load in a 
fixed position. [Trans. ] 

For demonstration of the theorem here cited, see “Works of Archimedes” 
translated by T. L. Heath (Camb. Univ. Press 1897) p. 107 and p. 162. [Trans.] 





Sagr. More slowly, please; for I do not see how the excess of this figure 
described about the “mixed triangle” is much smaller than the rectangle BO. 


Salv. Does not the rectangle BO have an area which is equal to the sum of the 
areas of all the little rectangles through which the parabola passes? I mean the 
rectangles BI, IH, HF, FE, EG, and GA of which only a part lies outside the 
“mixed triangle.” Have we not taken the rectangle BO smaller than the area X? 
Therefore if, as our opponent might say, the triangle plus X is equal to a third 
part of this rectangle CP, the circumscribed figure, which adds to the triangle an 
area less than X, will still remain smaller than a third part of the rectangle, CP. 
But this cannot be, because this circumscribed figure is larger than a third of the 
area. Hence it is not true that our “mixed triangle” is less than a third of the 
rectangle. 

You have cleared up my difficulty; but it still remains to be shown that the 
circumscribed figure is larger than a third part of the rectangle CP, a task which 
will not, I believe, prove so easy. 


Salv. There is nothing very difficult about it. Since in the parabola :=DA:AZ= 
rectangle KE: rectangle AG, seeing that the altitudes of these two rectangles, AK 


and KL, are equal, it follows that :=:=rectangle KE: rectangle KZ. In precisely 
the same manner it may be shown that the other rectangles LF, MH, NI, OB, 
stand to one another in the same ratio as the squares of the lines MA, NA, OA, 
PA. 

Let us now consider the circumscribed figure, composed of areas which bear 
to each other the same ratio as the squares of a series of lines whose common 
difference in length is equal to the shortest one in the series; note also that the 
rectangle CP is made up of an equal number of areas each equal to the largest 
and each equal to the rectangle OB. Consequently, according to the lemma of 
Archimedes, the circumscribed figure is larger than a third part of the rectangle 
CP; but it was also smaller, which is impossible. Hence the “mixed triangle” is 
not less than a third part of the rectangle CP. 

Likewise, I say, it cannot be greater. For, let us suppose that it is greater than 
a third part of the rectangle CP and let the area X represent the excess of the 
triangle over the third part of the rectangle CP; subdivide the rectangle into equal 
rectangles and continue the process until one of these subdivisions is smaller 
than the area X. Let BO represent such a rectangle smaller than X. Using the 
above figure, we have in the “mixed triangle” an inscribed figure, made up of the 
rectangles VO, TN, SM, RL, and QK, which will not be less than a third part of 
the large rectangle CP. 

For the “mixed triangle” exceeds the inscribed figure by a quantity less than 
that by which it exceeds the third part of the rectangle CP; to see that this is true 
we have only to remember that the excess of the triangle over the third part of 
the rectangle CP is equal to the area X, which is less than the rectangle BO, 
which in turn is much less than the excess of the triangle over the inscribed 
figure. For the rectangle BO is made up of the small rectangles AG, GE, EF, FH, 
HI, and IB; and the excess of the triangle over the inscribed figure is less than 
half the sum of these little rectangles. Thus since the triangle exceeds the third 
part of the rectangle CP by an amount X, which is more than that by which it 
exceeds the inscribed figure, the latter will also exceed the third part of the 
rectangle, CP. But, by the lemma which we have assumed, it is smaller. For the 
rectangle CP, being the sum of the largest rectangles, bears to the component 
rectangles of the inscribed figure the same ratio which the sum of all the squares 
of the lines equal to the longest bears to the squares of the lines which have a 
common difference, after the square of the longest has been subtracted. 

Therefore, as in the case of squares, the sum total of the largest rectangles, i. 
e., the rectangle CP, is greater than three times the sum total of those having a 
common difference minus the largest; but these last make up the inscribed 


figure. Hence the “mixed triangle” is neither greater nor less than the third part 
of rectangle CP; it is therefore equal to it. 

Sagr. A fine, clever demonstration; and all the more so because it gives us the 
quadrature of the parabola, proving it to be four-thirds of the inscribed’? triangle, 
a fact which Archimedes demonstrates by means of two different, but admirable, 
series of many propositions. This same theorem has also been recently 
established by Luca Valerio,” the Archimedes of our age; his demonstration is to 
be found in his book dealing with the centers of gravity of solids. 


2 Distinguish carefully between this triangle and the “mixed triangle” above mentioned. [Trans.] 
26 An eminent Italian mathematician, contemporary with Galileo. [Trans.] 


Salv. A book which, indeed, is not to be placed second to any produced by the 
most eminent geometers either of the present or of the past; a book which, as 
soon as it fell into the hands of our Academician, led him to abandon his own 
researches along these lines; for he saw how happily everything had been treated 
and demonstrated by Valerio. 

When I was informed of this event by the Academician himself, I begged of 
him to show the demonstrations which he had discovered before seeing 
Valerio’s book; but in this I did not succeed. 


Salv. I have a copy of them and will show them to you; for you will enjoy the 
diversity of method employed by these two authors in reaching and proving the 
same conclusions; you will also find that some of these conclusions are 
explained in different ways, although both are in fact equally correct. 


Sagr. I shall be much pleased to see them and will consider it a great favor if you 
will bring them to our regular meeting. But in the meantime, considering the 
strength of a solid formed from a prism by means of a parabolic section, would it 
not, in view of the fact that this result promises to be both interesting and useful 
in many mechanical operations, be a fine thing if you were to give some quick 
and easy rule by which a mechanician might draw a parabola upon a plane 
surface? 


Salv. There are many ways of tracing these curves; I will mention merely the 
two which are the quickest of all. One of these is really remarkable; because by 
it I can trace thirty or forty parabolic curves with no less neatness and precision, 
and in a shorter time than another man can, by the aid of a compass, neatly draw 


four or six circles of different sizes upon paper. I take a perfectly round brass 
ball about the size of a walnut and project it along the surface of a metallic 
mirror held in a nearly upright position, so that the ball in its motion will press 
slightly upon the mirror and trace out a fine sharp parabolic line; this parabola?’ 
will grow longer and narrower as the angle of elevation increases. The above 
experiment furnishes clear and tangible evidence that the path of a projectile is a 
parabola; a fact first observed by our friend and demonstrated by him in his book 
on motion which we shall take up at our next meeting. In the execution of this 
method, it is advisable to slightly heat and moisten the ball by rolling in the hand 
in order that its trace upon the mirror may be more distinct. 


27 Tt is now well known that this curve is not a parabola but a catenary the equation of which was first 
given, 49 years after Galileo’s death, by James Bernoulli. [Trans. ] 


By use of the geometrical lines drawn upon our friend’s compass,” one may 
easily lay off those points which will locate this same curve upon the same face 
of the prism. 


28 The geometrical and military compass of Galileo, described in Nat. Ed. Vol. 2. [Trans.] 


Hitherto we have demonstrated numerous conclusions pertaining to the 
resistance which solids offer to fracture. As a starting point for this science, we 
assumed that the resistance offered by the solid to a straight-away pull was 
known; from this base one might proceed to the discovery of many other results 
and their demonstrations; of these results the number to be found in nature is 
infinite. But, in order to bring our daily conference to an end, I wish to discuss 
the strength of hollow solids, which are employed in art — and still oftener in 
nature — in a thousand operations for the purpose of greatly increasing strength 
without adding to weight; examples of these are seen in the bones of birds and in 
many kinds of reeds which are light and highly resistant both to bending and 
breaking. For if a stem of straw which carries a head of wheat heavier than the 
entire stalk were made up of the same amount of material in solid form it would 
offer less resistance to bending and breaking. This is an experience which has 
been verified and confirmed in practice where it is found that a hollow lance or a 
tube of wood or metal is much stronger than would be a solid one of the same 
length and weight, one which would necessarily be thinner; men have 
discovered, therefore, that in order to make lances strong as well as light they 
must make them hollow. We shall now show that: 


In the case of two cylinders, one hollow the other solid but having equal 
volumes and equal lengths, their resistances [bending strengths] are to each other 
in the ratio of their diameters. 

Let AE denote a hollow cylinder and IN a solid one of the same weight and 
length; then, I say, that the resistance against fracture exhibited by the tube AE 
bears to that of the solid cylinder IN the same ratio as the diameter AB to the 
diameter IL. This is very evident; for since the tube and the solid cylinder IN 
have the same volume and length, the area of the circular base IL will be equal 
to that of the annulus AB which is the base of the tube AE. (By annulus is here 
meant the area which lies between two concentric circles of different radii.) 
Hence their resistances to a straight-away pull are equal; but in producing 
fracture by a transverse pull we employ, in the case of the cylinder IN, the length 
LN as one lever arm, the point L as a fulcrum, and the diameter LI, or its half, as 
the opposing lever arm: while in the case of the tube, the length BE which plays 
the part of the first lever arm is equal to LN, the opposing lever arm beyond the 
fulcrum, B, is the diameter AB, or its half. Manifestly then the resistance 
[bending strength] of the tube exceeds that of the solid cylinder in the proportion 
in which the diameter AB exceeds the diameter IL which is the desired result. 
Thus the strength of a hollow tube exceeds that of a solid cylinder in the ratio of 
their diameters whenever the two are made of the same material and have the 
same weight and length. 
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It may be well next to investigate the general case of tubes and solid cylinders 
of constant length, but with the weight and the hollow portion variable. First we 


shall show that: 

Given a hollow tube, a solid cylinder may be determined which will be equal 
[eguale] to it. 

The method is very simple. Let AB denote the external and CD the internal 
diameter of the tube. In the larger circle lay off the line AE equal in length to the 
diameter CD; join the points E and B. Now since the angle at E inscribed in a 
semicircle, AEB, is a right-angle, the area of the circle whose diameter is AB is 
equal to the sum of the areas of the two circles whose respective diameters are 
AE and EB. But AE is the diameter of the hollow portion of the tube. Therefore 
the area of the circle whose diameter is EB is the same as the area of the annulus 
ACBD. Hence a solid cylinder of circular base having a diameter EB will have 
the same volume as the walls of the tube of equal length. 
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By use of this theorem, it is easy: l 
To find the ratio between the resistance [bending strength] of any tube and 
that of any cylinder of equal length. 


Let ABE denote a tube and RSM a cylinder of equal length: it is required to 
find the ratio between their resistances. Using the preceding proposition, 
determine a cylinder ILN which shall have the same volume and length as the 
tube. Draw a line V of such a length that it will be related to IL and RS 
(diameters of the bases of the cylinders IN and RM), as follows: V:RS=RS:IL. 
Then, I say, the resistance of the tube AE is to that of the cylinder RM as the 
length of the line AB is to the length V. For, since the tube AE is equal both in 
volume and length, to the cylinder IN, the resistance of the tube will bear to the 
resistance of the cylinder the same ratio as the line AB to IL; but the resistance 
of the cylinder IN is to that of the cylinder RM as the cube of IL is to the cube of 
RS, that is, as the length IL is to length V: therefore, ex quali, the resistance 
[bending strength] of the tube AE bears to the resistance of the cylinder RM the 
same ratio as the length AB to V. 

q. e.d. 





29 «Natural motion” of the author has here been translated into “free motion” — since this is the term used 
to-day to distinguish the “natural” from the “violent” motions of the Renaissance. [Trans. ] 


30 A theorem demonstrated on p. 175 below. [Trans. ] 


End of the second day. 


Third Day 


Change of Position. [De Motu Locali] 
This discussion is divided into three parts; the first part deals with motion which 
is steady or uniform; the second treats of motion as we find it accelerated in 
nature; the third deals with the so-called violent motions and with projectiles. 


Uniform Motion 


In dealing with steady or uniform motion, we need a single definition which I 
give as follows: 


Definition 


By steady or uniform motion, I mean one in which the distances traversed by the 
moving particle during any equal intervals of time, are themselves equal. 


Caution 


We must add to the old definition (which defined steady motion simply as one in 
which equal distances are traversed in equal times) the word “any,” meaning by 
this, all equal intervals of time; for it may happen that the moving body will 
traverse equal distances during some equal intervals of time and yet the distances 
traversed during some small portion of these time-intervals may not be equal, 
even though the time-intervals be equal. 

From the above definition, four axioms follow, namely: 


Axiom I 


In the case of one and the same uniform motion, the distance traversed during a 
longer interval of time is greater than the distance traversed during a shorter 
interval of time. 


Axiom II 


In the case of one and the same uniform motion, the time required to traverse a 
greater distance is longer than the time required for a less distance. 


Axiom III 


In one and the same interval of time, the distance traversed at a greater speed is 
larger than the distance traversed at a less speed. 


Axiom IV 


The speed required to traverse a longer distance is greater than that required to 
traverse a shorter distance during the same time-interval. 


Theorem I, Proposition I 


If a moving particle, carried uniformly at a constant speed, traverses two 
distances the time-intervals required are to each other in the ratio of these 
distances. 

Let a particle move uniformly with constant speed through two distances AB, 
BC, and let the time required to traverse AB be represented by DE; the time 
required to traverse BC, by EF; then I say that the distance AB is to the distance 
BC as the time DE is to the time EF. 
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Let the distances and times be extended on both sides towards G, H and I, K; 
let AG be divided into any number whatever of spaces each equal to AB, and in 
like manner lay off in DI exactly the same number of time-intervals each equal 
to DE. Again lay off in CH any number whatever of distances each equal to BG; 
and in FK exactly the same number of time-intervals each equal to EF; then will 
the distance BG and the time EI be equal and arbitrary multiples of the distance 
BA and the time ED; and likewise the distance HB and the time KE are equal 
and arbitrary multiples of the distance CB and the time FE. 

And since DE is the time required to traverse AB, the whole time EI will be 
required for the whole distance BG, and when the motion is uniform there will 
be in EI as many time-intervals each equal to DE as there are distances in BG 
each equal to BA; and likewise it follows that KE represents the time required to 
traverse HB. 

Since, however, the motion is uniform, it follows that if the distance GB is 
equal to the distance BH, then must also the time IE be equal to the time EK; and 
if GB is greater than BH, then also IE will be greater than EK; and if less, less.’ 
There are then four quantities, the first AB, the second BC, the third DE, and the 
fourth EF; the time IE and the distance GB are arbitrary multiples of the first and 
the third, namely of the distance AB and the time DE. 


31 The method here employed by Galileo is that of Euclid as set forth in the famous 5th Definition of the 
Fifth Book of his Elements, for which see art. Geometry Ency. Brit. 11th Ed. p. 683. [Trans.] 


But it has been proved that both of these latter quantities are either equal to, 
greater than, or less than the time EK and the space BH, which are arbitrary 
multiples of the second and the fourth. Therefore the first is to the second, 
namely the distance AB is to the distance BC, as the third is to the fourth, 
namely the time DE is to the time EF. 

q. e.d. 


Theorem II, Proposition II, 


If a moving particle traverses two distances in equal intervals of time, these 
distances will bear to each other the same ratio as the speeds. And conversely if 
the distances are as the speeds then the times are equal. 

Referring to Fig. 40, let AB and BC represent the two distances traversed in 
equal time-intervals, the distance AB for instance with the velocity DE, and the 
distance BC with the velocity EF. Then, I say, the distance AB is to the distance 
BC as the velocity DE is to the velocity EF. For if equal multiples of both 
distances and speeds be taken, as above, namely, GB and IE of AB and DE 
respectively, and in like manner HB and KE of BC and EF, then one may infer, 
in the same manner as above, that the multiples GB and IE are either less than, 
equal to, or greater than equal multiples of BH and EK. Hence the theorem is 
established. 


Theorem III, Proposition II 


In the case of unequal speeds, the time-intervals required to traverse a given 
space are to each other inversely as the speeds. 

Let the larger of the two unequal speeds be indicated by A; the smaller, by B; 
and let the motion corresponding to both traverse the given space CD. Then I say 
the time required to traverse the distance CD at speed A is to the time required to 
traverse the same distance at speed B, as the speed B is to the speed A. For let 
CD be to CE as A is to B; then, from the preceding, it follows that the time 
required to complete the distance CD at speed A is the same as the time 
necessary to complete CE at speed B; but the time needed to traverse the 
distance CE at speed B is to the time required to traverse the distance CD at the 
same speed as CE is to CD; therefore the time in which CD is covered at speed 
A is to the time in which CD is covered at speed B as CE is to CD, that is, as 
speed B is to speed A. 


q. e.d. 
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Theorem IV, Proposition IV 


If two particles are carried with uniform motion, but each with a different speed, 
the distances covered by them during unequal intervals of time bear to each 
other the compound ratio of the speeds and time intervals. 

Let the two particles which are carried with uniform motion be E and F and 
let the ratio of the speed of the body E be to that of the body F as A is to B; but 
let the ratio of the time consumed by the motion of E be to the time consumed by 
the motion of F as C is to D. Then, I say, that the distance covered by E, with 
speed A in time C, bears to the space traversed by F with speed B in time D a 
ratio which is the product of the ratio of the speed A to the speed B by the ratio 
of the time C to the time D. For if G is the distance traversed by E at speed A 
during the time-interval C, and if G is to I as the speed A is to the speed B; and if 
also the time-interval C is to the time-interval D as I is to L, then it follows that I 
is the distance traversed by F in the same time that G is traversed by E since G is 
to I in the same ratio as the speed A to the speed B. And since I is to L in the 
same ratio as the time-intervals C and D, if I is the distance traversed by F 
during the interval C, then L will be the distance traversed by F during the 
interval D at the speed B. 
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But the ratio of G to L is the product of the ratios G to I and I to L, that is, of 
the ratios of the speed A to the speed B and of the time-interval C to the time- 


interval D. 
q. e.d. 


Theorem V, Proposition V 


If two particles are moved at a uniform rate, but with unequal speeds, through 
unequal distances, then the ratio of the time-intervals occupied will be the 
product of the ratio of the distances by the inverse ratio of the speeds. 

Let the two moving particles be denoted by A and B, and let the speed of A 
be to the speed of B in the ratio of V to T; in like manner let the distances 
traversed be in the ratio of S to R; then I say that the ratio of the time-interval 
during which the motion of A occurs to the time-interval occupied by the motion 
of B is the product of the ratio of the speed T to the speed V by the ratio of the 
distance S to the distance R. 
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Let C be the time-interval occupied by the motion of A, and let the time- 
interval C bear to a time-interval E the same ratio as the speed T to the speed V. 

And since C is the time-interval during which A, with speed V, traverses the 
distance S and since T, the speed of B, is to the speed V, as the time-interval C is 
to the time-interval E, then E will be the time required by the particle B to 
traverse the distance S. If now we let the time-interval E be to the time-interval 


G as the distance S is to the distance R, then it follows that G is the time required 

by B to traverse the space R. Since the ratio of C to G is the product of the ratios 

C to E and E to G (while also the ratio of C to E is the inverse ratio of the speeds 

of A and B respectively, i. e., the ratio of T to V); and since the ratio of E to G is 

the same as that of the distances S and R respectively, the proposition is proved. 
Theorem VI, Proposition VI 


If two particles are carried at a uniform rate, the ratio of their speeds will be the 
product of the ratio of the distances traversed by the inverse ratio of the time- 
intervals occupied. 

Let A and B be the two particles which move at a uniform rate; and let the 
respective distances traversed by them have the ratio of V to T, but let the time- 
intervals be as S to R. Then I say the speed of A will bear to the speed of B a 
ratio which is the product of the ratio of the distance V to the distance T and the 
time-interval R to the time-interval S. 
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Let C be the speed at which A traverses the distance V during the time- 
interval S; and let the speed C bear the same ratio to another speed E as V bears 
to T; then E will be the speed at which B traverses the distance T during the 
time-interval S. If now the speed E is to another speed G as the time-interval R is 
to the time-interval S, then G will be the speed at which the particle B traverses 
the distance T during the time-interval R. Thus we have the speed C at which the 
particle A covers the distance V during the time S and also the speed G at which 
the particle B traverses the distance T during the time R. The ratio of C to G is 
the product of the ratio C to E and E to G; the ratio of C to E is by definition the 
same as the ratio of the distance V to distance T; and the ratio of E to G is the 
same as the ratio of R to S. Hence follows the proposition. 


Salv. The preceding is what our Author has written concerning uniform motion. 
We pass now to a new and more discriminating consideration of naturally 
accelerated motion, such as that generally experienced by heavy falling bodies; 
following is the title and introduction. 


Naturally Accelerated Motion 


The properties belonging to uniform motion have been discussed in the 
preceding section; but accelerated motion remains to be considered. 

And first of all it seems desirable to find and explain a definition best fitting 
natural phenomena. For anyone may invent an arbitrary type of motion and 
discuss its properties; thus, for instance, some have imagined helices and 
conchoids as described by certain motions which are not met with in nature, and 
have very commendably established the properties which these curves possess in 
virtue of their definitions; but we have decided to consider the phenomena of 
bodies falling with an acceleration such as actually occurs in nature and to make 
this definition of accelerated motion exhibit the essential features of observed 
accelerated motions. And this, at last, after repeated efforts we trust we have 
succeeded in doing. In this belief we are confirmed mainly by the consideration 
that experimental results are seen to agree with and exactly correspond with 
those properties which have been, one after another, demonstrated by us. Finally, 
in the investigation of naturally accelerated motion we were led, by hand as it 
were, in following the habit and custom of nature herself, in all her various other 
processes, to employ only those means which are most common, simple and 
easy. 

For I think no one believes that swimming or flying can be accomplished in a 
manner simpler or easier than that instinctively employed by fishes and birds. 

When, therefore, I observe a stone initially at rest falling from an elevated 
position and continually acquiring new increments of speed, why should I not 
believe that such increases take place in a manner which is exceedingly simple 
and rather obvious to everybody? If now we examine the matter carefully we 
find no addition or increment more simple than that which repeats itself always 
in the same manner. This we readily understand when we consider the intimate 
relationship between time and motion; for just as uniformity of motion is defined 
by and conceived through equal times and equal spaces (thus we call a motion 
uniform when equal distances are traversed during equal time-intervals), so also 
we may, in a similar manner, through equal time-intervals, conceive additions of 
speed as taking place without complication; thus we may picture to our mind a 
motion as uniformly and continuously accelerated when, during any equal 
intervals of time whatever, equal increments of speed are given to it. Thus if any 
equal intervals of time whatever have elapsed, counting from the time at which 
the moving body left its position of rest and began to descend, the amount of 
speed acquired during the first two time-intervals will be double that acquired 


during the first time-interval alone; so the amount added during three of these 
time-intervals will be treble; and that in four, quadruple that of the first time- 
interval. To put the matter more clearly, if a body were to continue its motion 
with the same speed which it had acquired during the first time-interval and were 
to retain this same uniform speed, then its motion would be twice as slow as that 
which it would have if its velocity had been acquired during two time-intervals. 

And thus, it seems, we shall not be far wrong if we put the increment of speed 
as proportional to the increment of time; hence the definition of motion which 
we are about to discuss may be stated as follows: A motion is said to be 
uniformly accelerated, when starting from rest, it acquires, during equal time- 
intervals, equal increments of speed. 


Sagr. Although I can offer no rational objection to this or indeed to any other 
definition, devised by any author whomsoever, since all definitions are arbitrary, 
I may nevertheless without offense be allowed to doubt whether such a 
definition as the above, established in an abstract manner, corresponds to and 
describes that kind of accelerated motion which we meet in nature in the case of 
freely falling bodies. And since the Author apparently maintains that the motion 
described in his definition is that of freely falling bodies, I would like to clear 
my mind of certain difficulties in order that I may later apply myself more 
earnestly to the propositions and their demonstrations. 


Salv. It is well that you and Simplicio raise these difficulties. They are, I 
imagine, the same which occurred to me when I first saw this treatise, and which 
were removed either by discussion with the Author himself, or by turning the 
matter over in my own mind. 

Sagr. When I think of a heavy body falling from rest, that is, starting with zero 
speed and gaining speed in proportion to the time from the beginning of the 
motion; such a motion as would, for instance, in eight beats of the pulse acquire 
eight degrees of speed; having at the end of the fourth beat acquired four 
degrees; at the end of the second, two; at the end of the first, one: and since time 
is divisible without limit, it follows from all these considerations that if the 
earlier speed of a body is less than its present speed in a constant ratio, then there 
is no degree of speed however small (or, one may say, no degree of slowness 
however great) with which we may not find this body travelling after starting 
from infinite slowness, i. e., from rest. So that if that speed which it had at the 
end of the fourth beat was such that, if kept uniform, the body would traverse 
two miles in an hour, and if keeping the speed which it had at the end of the 
second beat, it would traverse one mile an hour, we must infer that, as the instant 


of starting is more and more nearly approached, the body moves so slowly that, 
if it kept on moving at this rate, it would not traverse a mile in an hour, or in a 
day, or in a year or in a thousand years; indeed, it would not traverse a span in an 
even greater time; a phenomenon which baffles the imagination, while our 
senses show us that a heavy falling body suddenly acquires great speed. 


Salv. This is one of the difficulties which I also at the beginning, experienced, 
but which I shortly afterwards removed; and the removal was effected by the 
very experiment which creates the difficulty for you. You say the experiment 
appears to show that immediately after a heavy body starts from rest it acquires a 
very considerable speed: and I say that the same experiment makes clear the fact 
that the initial motions of a falling body, no matter how heavy, are very slow and 
gentle. Place a heavy body upon a yielding material, and leave it there without 
any pressure except that owing to its own weight; it is clear that if one lifts this 
body a cubit or two and allows it to fall upon the same material, it will, with this 
impulse, exert a new and greater pressure than that caused by its mere weight; 
and this effect is brought about by the [weight of the] falling body together with 
the velocity acquired during the fall, an effect which will be greater and greater 
according to the height of the fall, that is according as the velocity of the falling 
body becomes greater. From the quality and intensity of the blow we are thus 
enabled to accurately estimate the speed of a falling body. But tell me, 
gentlemen, is it not true that if a block be allowed to fall upon a stake from a 
height of four cubits and drives it into the earth, say, four finger-breadths, that 
coming from a height of two cubits it will drive the stake a much less distance, 
and from the height of one cubit a still less distance; and finally if the block be 
lifted only one finger-breadth how much more will it accomplish than if merely 
laid on top of the stake without percussion? Certainly very little. If it be lifted 
only the thickness of a leaf, the effect will be altogether imperceptible. And 
since the effect of the blow depends upon the velocity of this striking body, can 
any one doubt the motion is very slow and the speed more than small whenever 
the effect [of the blow] is imperceptible? See now the power of truth; the same 
experiment which at first glance seemed to show one thing, when more carefully 
examined, assures us of the contrary. 

But without depending upon the above experiment, which is doubtless very 
conclusive, it seems to me that it ought not to be difficult to establish such a fact 
by reasoning alone. Imagine a heavy stone held in the air at rest; the support is 
removed and the stone set free; then since it is heavier than the air it begins to 
fall, and not with uniform motion but slowly at the beginning and with a 
continuously accelerated motion. Now since velocity can be increased and 


diminished without limit, what reason is there to believe that such a moving 
body starting with infinite slowness, that is, from rest, immediately acquires a 
speed of ten degrees rather than one of four, or of two, or of one, or of a half, or 
of a hundredth; or, indeed, of any of the infinite number of small values [of 
speed]? Pray listen. I hardly think you will refuse to grant that the gain of speed 
of the stone falling from rest follows the same sequence as the diminution and 
loss of this same speed when, by some impelling force, the stone is thrown to its 
former elevation: but even if you do not grant this, I do not see how you can 
doubt that the ascending stone, diminishing in speed, must before coming to rest 
pass through every possible degree of slowness. 


Simp. But if the number of degrees of greater and greater slowness is limitless, 
they will never be all exhausted, therefore such an ascending heavy body will 
never reach rest, but will continue to move without limit always at a slower rate; 
but this is not the observed fact. 


Salv. This would happen, Simplicio, if the moving body were to maintain its 
speed for any length of time at each degree of velocity; but it merely passes each 
point without delaying more than an instant: and since each time-interval 
however small may be divided into an infinite number of instants, these will 
always be sufficient [in number] to correspond to the infinite degrees of 
diminished velocity. 

That such a heavy rising body does not remain for any length of time at any 
given degree of velocity is evident from the following: because if, some time- 
interval having been assigned, the body moves with the same speed in the last as 
in the first instant of that time-interval, it could from this second degree of 
elevation be in like manner raised through an equal height, just as it was 
transferred from the first elevation to the second, and by the same reasoning 
would pass from the second to the third and would finally continue in uniform 
motion forever. 


Sagr. From these considerations it appears to me that we may obtain a proper 
solution of the problem discussed by philosophers, namely, what causes the 
acceleration in the natural motion of heavy bodies? Since, as it seems to me, the 
force [virtu] impressed by the agent projecting the body upwards diminishes 
continuously, this force, so long as it was greater than the contrary force of 
gravitation, impelled the body upwards; when the two are in equilibrium the 
body ceases to rise and passes through the state of rest in which the impressed 
impetus [impeto] is not destroyed, but only its excess over the weight of the 


body has been consumed — the excess which caused the body to rise. Then as 
the diminution of the outside impetus [impeto] continues, and gravitation gains 
the upper hand, the fall begins, but slowly at first on account of the opposing 
impetus [virtù impressa], a large portion of which still remains in the body; but 
as this continues to diminish it also continues to be more and more overcome by 
gravity, hence the continuous acceleration of motion. 


Simp. The idea is clever, yet more subtle than sound; for even if the argument 
were conclusive, it would explain only the case in which a natural motion is 
preceded by a violent motion, in which there still remains active a portion of the 
external force [virtù esterna]; but where there is no such remaining portion and 
the body starts from an antecedent state of rest, the cogency of the whole 
argument fails. 

Sagr. I believe that you are mistaken and that this distinction between cases 
which you make is superfluous or rather nonexistent. But, tell me, cannot a 
projectile receive from the projector either a large or a small force [virtu] such as 
will throw it to a height of a hundred cubits, and even twenty or four or one? 

Undoubtedly, yes. 


Sagr. So therefore this impressed force [virtu impressa] may exceed the 
resistance of gravity so slightly as to raise it only a finger-breadth; and finally 
the force [virtu] of the projector may be just large enough to exactly balance the 
resistance of gravity so that the body is not lifted at all but merely sustained. 
When one holds a stone in his hand does he do anything but give it a force 
impelling [virtu impellente] it upwards equal to the power [facolta] of gravity 
drawing it downwards? And do you not continuously impress this force [virtu] 
upon the stone as long as you hold it in the hand? Does it perhaps diminish with 
the time during which one holds the stone? 

And what does it matter whether this support which prevents the stone from 
falling is furnished by one’s hand or by a table or by a rope from which it hangs? 
Certainly nothing at all. You must conclude, therefore, Simplicio, that it makes 
no difference whatever whether the fall of the stone is preceded by a period of 
rest which is long, short, or instantaneous provided only the fall does not take 
place so long as the stone is acted upon by a force [virtu] opposed to its weight 
and sufficient to hold it at rest. 


Salv. The present does not seem to be the proper time to investigate the cause of 
the acceleration of natural motion concerning which various opinions have been 
expressed by various philosophers, some explaining it by attraction to the center, 


others to repulsion between the very small parts of the body, while still others 
attribute it to a certain stress in the surrounding medium which closes in behind 
the falling body and drives it from one of its positions to another. Now, all these 
fantasies, and others too, ought to be examined; but it is not really worth while. 
At present it is the purpose of our Author merely to investigate and to 
demonstrate some of the properties of accelerated motion (whatever the cause of 
this acceleration may be) — meaning thereby a motion, such that the momentum 
of its velocity [i momenti della sua velocità] goes on increasing after departure 
from rest, in simple proportionality to the time, which is the same as saying that 
in equal time-intervals the body receives equal increments of velocity; and if we 
find the properties [of accelerated motion] which will be demonstrated later are 
realized in freely falling and accelerated bodies, we may conclude that the 
assumed definition includes such a motion of falling bodies and that their speed 
[accelerazione] goes on increasing as the time and the duration of the motion. 

So far as I see at present, the definition might have been put a little more 
clearly perhaps without changing the fundamental idea, namely, uniformly 
accelerated motion is such that its speed increases in proportion to the space 
traversed; so that, for example, the speed acquired by a body in falling four 
cubits would be double that acquired in falling two cubits and this latter speed 
would be double that acquired in the first cubit. Because there is no doubt but 
that a heavy body falling from the height of six cubits has, and strikes with, a 
momentum [impeto] double that it had at the end of three cubits, triple that 
which it had at the end of one. 


Salv. It is very comforting to me to have had such a companion in error; and 
moreover let me tell you that your proposition seems so highly probable that our 
Author himself admitted, when I advanced this opinion to him, that he had for 
some time shared the same fallacy. But what most surprised me was to see two 
propositions so inherently probable that they commanded the assent of everyone 
to whom they were presented, proven in a few simple words to be not only false, 
but impossible. 


Simp. I am one of those who accept the proposition, and believe that a falling 
body acquires force [vires] in its descent, its velocity increasing in proportion to 
the space, and that the momentum [momento] of the falling body is doubled 
when it falls from a doubled height; these propositions, it appears to me, ought to 
be conceded without hesitation or controversy. 


Salv. And yet they are as false and impossible as that motion should be 
completed instantaneously; and here is a very clear demonstration of it. If the 
velocities are in proportion to the spaces traversed, or to be traversed, then these 
spaces are traversed in equal intervals of time; if, therefore, the velocity with 
which the falling body traverses a space of eight feet were double that with 
which it covered the first four feet (just as the one distance is double the other) 
then the time-intervals required for these passages would be equal. But for one 
and the same body to fall eight feet and four feet in the same time is possible 
only in the case of instantaneous [discontinuous] motion; but observation shows 
us that the motion of a falling body occupies time, and less of it in covering a 
distance of four feet than of eight feet; therefore it is not true that its velocity 
increases in proportion to the space. 

The falsity of the other proposition may be shown with equal clearness. For if 
we consider a single striking body the difference of momentum in its blows can 
depend only upon difference of velocity; for if the striking body falling from a 
double height were to deliver a blow of double momentum, it would be 
necessary for this body to strike with a doubled velocity; but with this doubled 
speed it would traverse a doubled space in the same time-interval; observation 
however shows that the time required for fall from the greater height is longer. 


Sagr. You present these recondite matters with too much evidence and ease; this 
great facility makes them less appreciated than they would be had they been 
presented in a more abstruse manner. For, in my opinion, people esteem more 
lightly that knowledge which they acquire with so little labor than that acquired 
through long and obscure discussion. 


Salv. If those who demonstrate with brevity and clearness the fallacy of many 
popular beliefs were treated with contempt instead of gratitude the injury would 
be quite bearable; but on the other hand it is very unpleasant and annoying to see 
men, who claim to be peers of anyone in a certain field of study, take for granted 
certain conclusions which later are quickly and easily shown by another to be 
false. I do not describe such a feeling as one of envy, which usually degenerates 
into hatred and anger against those who discover such fallacies; I would call it a 
strong desire to maintain old errors, rather than accept newly discovered truths. 
This desire at times induces them to unite against these truths, although at heart 
believing in them, merely for the purpose of lowering the esteem in which 
certain others are held by the unthinking crowd. Indeed, I have heard from our 
Academician many such fallacies held as true but easily refutable; some of these 
I have in mind. 


Sagr. You must not withhold them from us, but, at the proper time, tell us about 
them even though an extra session be necessary. But now, continuing the thread 
of our talk, it would seem that up to the present we have established the 
definition of uniformly accelerated motion which is expressed as follows: 

A motion is said to be equally or uniformly accelerated when, starting from 
rest, its momentum (celeritatis momenta) receives equal increments in equal 
times. 


Salv. This definition established, the Author makes a single assumption, namely, 

The speeds acquired by one and the same body moving down planes of 
different inclinations are equal when the heights of these planes are equal. 

By the height of an inclined plane we mean the perpendicular let fall from the 
upper end of the plane upon the horizontal line drawn through the lower end of 
the same plane. Thus, to illustrate, let the line AB be horizontal, and let the 
planes CA and CD be inclined to it; then the Author calls the perpendicular CB 
the “height” of the planes CA and CD; he supposes that the speeds acquired by 
one and the same body, descending along the planes CA and CD to the terminal 
points A and D are equal since the heights of these planes are the same, CB; and 
also it must be understood that this speed is that which would be acquired by the 
same body falling from C to B. 


Sagr. Your assumption appears to me so reasonable that it ought to be conceded 
without question, provided of course there are no chance or outside resistances, 
and that the planes are hard and smooth, and that the figure of the moving body 
is perfectly round, so that neither plane nor moving body is rough. All resistance 
and opposition having been removed, my reason tells me at once that a heavy 
and perfectly round ball descending along the lines CA, CD, CB would reach the 
terminal points A, D, B, with equal momenta [impeti eguali]. 


A B 
Fig. 45 


Salv. Your words are very plausible; but I hope by experiment to increase the 
probability to an extent which shall be little short of a rigid demonstration. 





This experiment leaves no room for doubt as to the truth of our supposition; 
for since the two arcs CB and DB are equal and similarly placed, the momentum 
[momento] acquired by the fall through the arc CB is the same as that gained by 
fall through the arc DB; but the momentum [momento] acquired at B, owing to 


fall through CB, is able to lift the same body [mobile] through the arc BD; 
therefore, the momentum acquired in the fall BD is equal to that which lifts the 
same body through the same arc from B to D; so, in general, every momentum 
acquired by fall through an arc is equal to that which can lift the same body 
through the same arc. But all these momenta [momenti] which cause a rise 
through the arcs BD, BG, and BI are equal, since they are produced by the same 
momentum, gained by fall through CB, as experiment shows. Therefore all the 
momenta gained by fall through the arcs DB, GB, IB are equal. 


Sagr. The argument seems to me so conclusive and the experiment so well 
adapted to establish the hypothesis that we may, indeed, consider it as 
demonstrated. 


Salv. I do not wish, Sagredo, that we trouble ourselves too much about this 
matter, since we are going to apply this principle mainly in motions which occur 
on plane surfaces, and not upon curved, along which acceleration varies in a 
manner greatly different from that which we have assumed for planes. 

So that, although the above experiment shows us that the descent of the 
moving body through the arc CB confers upon it momentum [momento] just 
sufficient to carry it to the same height through any of the arcs BD, BG, BI, we 
are not able, by similar means, to show that the event would be identical in the 
case of a perfectly round ball descending along planes whose inclinations are 
respectively the same as the chords of these arcs. It seems likely, on the other 
hand, that, since these planes form angles at the point B, they will present an 
obstacle to the ball which has descended along the chord CB, and starts to rise 
along the chord BD, BG, BI. 

In striking these planes some of its momentum [impeto] will be lost and it 
will not be able to rise to the height of the line CD; but this obstacle, which 
interferes with the experiment, once removed, it is clear that the momentum 
[impeto] (which gains in strength with descent) will be able to carry the body to 
the same height. Let us then, for the present, take this as a postulate, the absolute 
truth of which will be established when we find that the inferences from it 
correspond to and agree perfectly with experiment. The author having assumed 
this single principle passes next to the propositions which he clearly 
demonstrates; the first of these is as follows: 


Theorem I, Proposition I 


The time in which any space is traversed by a body starting from rest and 
uniformly accelerated is equal to the time in which that same space would be 
traversed by the same body moving at a uniform speed whose value is the mean 
of the highest speed and the speed just before acceleration began. 

Let us represent by the line AB the time in which the space CD is traversed 
by a body which starts from rest at C and is uniformly accelerated; let the final 
and highest value of the speed gained during the interval AB be represented by 
the line EB drawn at right angles to AB; draw the line AE, then all lines drawn 
from equidistant points on AB and parallel to BE will represent the increasing 
values of the speed, beginning with the instant A. Let the point F bisect the line 
EB; draw FG parallel to BA, and GA parallel to FB, thus forming a 
parallelogram AGFB which will be equal in area to the triangle AEB, since the 
side GF bisects the side AE at the point I; for if the parallel lines in the triangle 
AEB are extended to GI, then the sum of all the parallels contained in the 
quadrilateral is equal to the sum of those contained in the triangle AEB; for those 
in the triangle IEF are equal to those contained in the triangle GIA, while those 
included in the trapezium AIFB are common. Since each and every instant of 
time in the time-interval AB has its corresponding point on the line AB, from 
which points parallels drawn in and limited by the triangle AEB represent the 
increasing values of the growing velocity, and since parallels contained within 
the rectangle represent the values of a speed which is not increasing, but 
constant, it appears, in like manner, that the momenta [momenta] assumed by the 
moving body may also be represented, in the case of the accelerated motion, by 
the increasing parallels of the triangle AEB, and, in the case of the uniform 
motion, by the parallels of the rectangle GB. For, what the momenta may lack in 
the first part of the accelerated motion (the deficiency of the momenta being 
represented by the parallels of the triangle AGI) is made up by the momenta 
represented by the parallels of the triangle IEF. 
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Hence it is clear that equal spaces will be traversed in equal times by two 
bodies, one of which, starting from rest, moves with a uniform acceleration, 
while the momentum of the other, moving with uniform speed, is one-half its 
maximum momentum under accelerated motion. 

q. e.d. 


Theorem II, Proposition II 


The spaces described by a body falling from rest with a uniformly accelerated 
motion are to each other as the squares of the time-intervals employed in 
traversing these distances. 

Let the time beginning with any instant A be represented by the straight line 
AB in which are taken any two time-intervals AD and AE. Let HI represent the 
distance through which the body, starting from rest at H, falls with uniform 
acceleration. If HL represents the space traversed during the time-interval AD, 
and HM that covered during the interval AE, then the space MH stands to the 


space LH in a ratio which is the square of the ratio of the time AE to the time 
AD; or we may say simply that the distances HM and HL are related as the 
squares of AE and AD. 
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Draw the line AC making any angle whatever with the line AB; and from the 
points D and E, draw the parallel lines DO and EP; of these two lines, DO 
represents the greatest velocity attained during the interval AD, while EP 
represents the maximum velocity acquired during the interval AE. But it has just 
been proved that so far as distances traversed are concerned it is precisely the 
same whether a body falls from rest with a uniform acceleration or whether it 
falls during an equal time-interval with a constant speed which is one-half the 
maximum speed attained during the accelerated motion. It follows therefore that 
the distances HM and HL are the same as would be traversed, during the time- 
intervals AE and AD, by uniform velocities equal to one-half those represented 
by DO and EP respectively. If, therefore, one can show that the distances HM 
and HL are in the same ratio as the squares of the time-intervals AE and AD, our 
proposition will be proven. 


q. e.d. 

Evidently then the ratio of the distances is the square of the ratio of the final 
velocities, that is, of the lines EP and DO, since these are to each other as AE to 
AD. 


Corollary I 


Hence it is clear that if we take any equal intervals of time whatever, counting 
from the beginning of the motion, such as AD, DE, EF, FG, in which the spaces 
HL, LM, MN, NI are traversed, these spaces will bear to one another the same 
ratio as the series of odd numbers, 1, 3, 5, 7; for this is the ratio of the 
differences of the squares of the lines [which represent time], differences which 
exceed one another by equal amounts, this excess being equal to the smallest line 
[viz. the one representing a single time-interval]: or we may say [that this is the 
ratio] of the differences of the squares of the natural numbers beginning with 
unity. 

While, therefore, during equal intervals of time the velocities increase as the 
natural numbers, the increments in the distances traversed during these equal 
time-intervals are to one another as the odd numbers beginning with unity. 


Sagr. Please suspend the discussion for a moment since there just occurs to me 
an idea which I want to illustrate by means of a diagram in order that it may be 
clearer both to you and to me. 

Let the line AI represent the lapse of time measured from the initial instant A; 
through A draw the straight line AF making any angle whatever; join the 
terminal points I and F; divide the time AI in half at C; draw CB parallel to IF. 
Let us consider CB as the maximum value of the velocity which increases from 
zero at the beginning, in simple proportionality to the intercepts on the triangle 
ABC of lines drawn parallel to BC; or what is the same thing, let us suppose the 
velocity to increase in proportion to the time; then I admit without question, in 
view of the preceding argument, that the space described by a body falling in the 
aforesaid manner will be equal to the space traversed by the same body during 
the same length of time travelling with a uniform speed equal to EC, the half of 
BC. Further let us imagine that the body has fallen with accelerated motion so 
that, at the instant C, it has the velocity BC. It is clear that if the body continued 
to descend with the same speed BC, without acceleration, it would in the next 
time-interval CI traverse double the distance covered during the interval AC, 
with the uniform speed EC which is half of BC; but since the falling body 
acquires equal increments of speed during equal increments of time, it follows 
that the velocity BC, during the next time-interval CI will be increased by an 
amount represented by the parallels of the triangle BFG which is equal to the 
triangle ABC. If, then, one adds to the velocity GI half of the velocity FG, the 
highest speed acquired by the accelerated motion and determined by the parallels 


of the triangle BFG, he will have the uniform velocity with which the same 
space would have been described in the time CI; and since this speed IN is three 
times as great as EC it follows that the space described during the interval CI is 
three times as great as that described during the interval AC. Let us imagine the 
motion extended over another equal time-interval IO, and the triangle extended 
to APO; it is then evident that if the motion continues during the interval IO, at 
the constant rate IF acquired by acceleration during the time AI, the space 
traversed during the interval IO will be four times that traversed during the first 
interval AC, because the speed IF is four times the speed EC. But if we enlarge 
our triangle so as to include FPQ which is equal to ABC, still assuming the 
acceleration to be constant, we shall add to the uniform speed an increment RQ, 
equal to EC; then the value of the equivalent uniform speed during the time- 
interval IO will be five times that during the first time-interval AC; therefore the 
space traversed will be quintuple that during the first interval AC. It is thus 
evident by simple computation that a moving body starting from rest and 
acquiring velocity at a rate proportional to the time, will, during equal intervals 
of time, traverse distances which are related to each other as the odd numbers 
beginning with unity, 1, 3, 5;°* or considering the total space traversed, that 
covered in double time will be quadruple that covered during unit time; in triple 
time, the space is nine times as great as in unit time. And in general the spaces 
traversed are in the duplicate ratio of the times, i. e., in the ratio of the squares of 
the times. 


32 As illustrating the greater elegance and brevity of modern analytical methods, one may obtain the result 
of Prop. II directly from the fundamental equation 


s = % g (t22 - t21) = g/2 (t2 + t1) (t2 - t1) 


where g is the acceleration of gravity and s, the space traversed between the 
instants t1 and t2. If now t2 - t1 = 1, say one second, then s = g/2 (t2 + t1) where 
(2+t1, must always be an odd number, seeing that it is the sum of two 
consecutive terms in the series of natural numbers. [Trans. ] 





Simp. In truth, I find more pleasure in this simple and clear argument of Sagredo 
than in the Author’s demonstration which to me appears rather obscure; so that I 
am convinced that matters are as described, once having accepted the definition 
of uniformly accelerated motion. But as to whether this acceleration is that 
which one meets in nature in the case of falling bodies, I am still doubtful; and it 
seems to me, not only for my own sake but also for all those who think as I do, 
that this would be the proper moment to introduce one of those experiments — 
and there are many of them, I understand — which illustrate in several ways the 
conclusions reached. 

Salv. The request which you, as a man of science, make, is a very reasonable 
one; for this is the custom — and properly so — in those sciences where 
mathematical demonstrations are applied to natural phenomena, as is seen in the 
case of perspective, astronomy, mechanics, music, and others where the 
principles, once established by well-chosen experiments, become the 
foundations of the entire superstructure. I hope therefore it will not appear to be 


a waste of time if we discuss at considerable length this first and most 
fundamental question upon which hinge numerous consequences of which we 
have in this book only a small number, placed there by the Author, who has done 
so much to open a pathway hitherto closed to minds of speculative turn. So far as 
experiments go they have not been neglected by the Author; and often, in his 
company, I have attempted in the following manner to assure myself that the 
acceleration actually experienced by falling bodies is that above described. 

A piece of wooden moulding or scantling, about 12 cubits long, half a cubit 
wide, and three finger-breadths thick, was taken; on its edge was cut a channel a 
little more than one finger in breadth; having made this groove very straight, 
smooth, and polished, and having lined it with parchment, also as smooth and 
polished as possible, we rolled along it a hard, smooth, and very round bronze 
ball. Having placed this board in a sloping position, by lifting one end some one 
or two cubits above the other, we rolled the ball, as I was just saying, along the 
channel, noting, in a manner presently to be described, the time required to make 
the descent. We repeated this experiment more than once in order to measure the 
time with an accuracy such that the deviation between two observations never 
exceeded one-tenth of a pulse-beat. Having performed this operation and having 
assured ourselves of its reliability, we now rolled the ball only one-quarter the 
length of the channel; and having measured the time of its descent, we found it 
precisely one-half’of the former. Next we tried other distances, comparing the 
time for the whole length with that for the half, or with that for two-thirds, or 
three-fourths, or indeed for any fraction; in such experiments, repeated a full 
hundred times, we always found that the spaces traversed were to each other as 
the squares of the times, and this was true for all inclinations of the plane, i. e., 
of the channel, along which we rolled the ball. We also observed that the times 
of descent, for various inclinations of the plane, bore to one another precisely 
that ratio which, as we shall see later, the Author had predicted and 
demonstrated for them. 

For the measurement of time, we employed a large vessel of water placed in 
an elevated position; to the bottom of this vessel was soldered a pipe of small 
diameter giving a thin jet of water, which we collected in a small glass during 
the time of each descent, whether for the whole length of the channel or for a 
part of its length; the water thus collected was weighed, after each descent, on a 
very accurate balance; the differences and ratios of these weights gave us the 
differences and ratios of the times, and this with such accuracy that although the 
operation was repeated many, many times, there was no appreciable discrepancy 
in the results. 


Simp. I would like to have been present at these experiments; but feeling 
confidence in the care with which you performed them, and in the fidelity with 
which you relate them, I am satisfied and accept them as true and valid 


Salv. Then we can proceed without discussion. 

Secondly, it follows that, starting from any initial point, if we take any two 
distances, traversed in any time-intervals whatsoever, these time-intervals bear 
to one another the same ratio as one of the distances to the mean proportional of 
the two distances. 

For if we take two distances ST and SY measured from the initial point S, the 
mean proportional of which is SX, the time of fall through ST is to the time of 
fall through SY as ST is to SX; or one may say the time of fall through SY is to 
the time of fall through ST as SY is to SX. Now since it has been shown that the 
spaces traversed are in the same ratio as the squares of the times; and since, 
moreover, the ratio of the space SY to the space ST is the square of the ratio SY 
to SX, it follows that the ratio of the times of fall through SY and ST is the ratio 
of the respective distances SY and SX. 
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Scholium 


The above corollary has been proven for the case of vertical fall; but it holds also 
for planes inclined at any angle; for it is to be assumed that along these planes 
the velocity increases in the same ratio, that is, in proportion to the time, or, if 
you prefer, as the series of natural numbers. 


33 The dialogue which intervenes between this Scholium and the following theorem was elaborated by 
Viviani, at the suggestion of Galileo. See National Edition, viii, 23. [Trans. ] 


Salv. Here, Sagredo, I should like, if it be not too tedious to Simplicio, to 
interrupt for a moment the present discussion in order to make some additions on 
the basis of what has already been proved and of what mechanical principles we 
have already learned from our Academician. This addition I make for the better 
establishment on logical and experimental grounds, of the principle which we 
have above considered; and what is more important, for the purpose of deriving 
it geometrically, after first demonstrating a single lemma which is fundamental 
in the science of motion [impeti]. 


Sagr. If the advance which you propose to make is such as will confirm and 
fully establish these sciences of motion, I will gladly devote to it any length of 
time. Indeed, I shall not only be glad to have you proceed, but I beg of you at 
once to satisfy the curiosity which you have awakened in me concerning your 
proposition; and I think that Simplicio is of the same mind. 


Simp. Quite right. 


Salv. Since then I have your permission, let us first of all consider this notable 
fact, that the momenta or speeds [i momenti o le velocita] of one and the same 
moving body vary with the inclination of the plane. 

The speed reaches a maximum along a vertical direction, and for other 
directions diminishes as the plane diverges from the vertical. Therefore the 
impetus, ability, energy, [l’impeto, il talento, l’energia] or, one might say, the 
momentum [il momento] of descent of the moving body is diminished by the 
plane upon which it is supported and along which it rolls. 

For the sake of greater clearness erect the line AB perpendicular to the 
horizontal AC; next draw AD, AE, AF, etc., at different inclinations to the 
horizontal. Then I say that all the momentum of the falling body is along the 


vertical and is a maximum when it falls in that direction; the momentum is less 
along DA and still less along EA, and even less yet along the more inclined 
plane FA. Finally on the horizontal plane the momentum vanishes altogether; the 
body finds itself in a condition of indifference as to motion or rest; has no 
inherent tendency to move in any direction, and offers no resistance to being set 
in motion. For just as a heavy body or system of bodies cannot of itself move 
upwards, or recede from the common center [comun centro] toward which all 
heavy things tend, so it is impossible for any body of its own accord to assume 
any motion other than one which carries it nearer to the aforesaid common 
center. Hence, along the horizontal, by which we understand a surface, every 
point of which is equidistant from this same common center, the body will have 
no momentum whatever. 
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It is clear that the impelling force [impeto] acting on a body in descent is 
equal to the resistance or least force [resistenza o forza minima] sufficient to 
hold it at rest. In order to measure this force and resistance [forza e resistenza] I 
propose to use the weight of another body. Let us place upon the plane FA a 


body G connected to the weight H by means of a cord passing over the point F; 
then the body H will ascend or descend, along the perpendicular, the same 
distance which the body G ascends or descends along the inclined plane FA; but 
this distance will not be equal to the rise or fall of G along the vertical in which 
direction alone G, as other bodies, exerts its force [resistenza]. This is clear. For 
if we consider the motion of the body G, from A to F, in the triangle AFC to be 
made up of a horizontal component AC and a vertical component CF, and 
remember that this body experiences no resistance to motion along the 
horizontal (because by such a motion the body neither gains nor loses distance 
from the common center of heavy things) it follows that resistance is met only in 
consequence of the body rising through the vertical distance CF. Since then the 
body G in moving from A to F offers resistance only in so far as it rises through 
the vertical distance CF, while the other body H must fall vertically through the 
entire distance FA, and since this ratio is maintained whether the motion be large 
or small, the two bodies being inextensibly connected, we are able to assert 
positively that, in case of equilibrium (bodies at rest) the momenta, the 
velocities, or their tendency to motion [propensioni al moto], i. e., the spaces 
which would be traversed by them in equal times, must be in the inverse ratio to 
their weights. This is what has been demonstrated in every case of mechanical 
motion.* So that, in order to hold the weight G at rest, one must give H a weight 
smaller in the same ratio as the distance CF is smaller than FA. If we do this, 
FA:FC=weight G:weight H; then equilibrium will occur, that is, the weights H 
and G will have the same impelling forces [momenti eguali], and the two bodies 
will come to rest. 


34 A near approach to the principle of virtual work enunciated by John Bernoulli in 1717. [Trans.] 


And since we are agreed that the impetus, energy, momentum or tendency to 
motion of a moving body is as great as the force or least resistance [forza o 
resistenza minima] sufficient to stop it, and since we have found that the weight 
H is capable of preventing motion in the weight G, it follows that the less weight 
H whose entire force [momento totale] is along the perpendicular, FC, will be an 
exact measure of the component of force [momento parziale] which the larger 
weight G exerts along the plane FA. But the measure of the total force [total 
momento] on the body G is its own weight, since to prevent its fall it is only 
necessary to balance it with an equal weight, provided this second weight be free 
to move vertically; therefore the component of the force [momento parziale] on 
G along the inclined plane FA will bear to the maximum and total force on this 
same body G along the perpendicular FC the same ratio as the weight H to the 


weight G. This ratio is, by construction, the same which the height, FC, of the 
inclined plane bears to the length FA. We have here the lemma which I proposed 
to demonstrate and which, as you will see, has been assumed by our Author in 
the second part of the sixth proposition of the present treatise. 


Sagr. From what you have shown thus far, it appears to me that one might infer, 
arguing ex aequali con la proportione perturbata, that the tendencies [momenti] 
of one and the same body to move along planes differently inclined, but having 
the same vertical height, as FA and FI, are to each other inversely as the lengths 
of the planes. 

Perfectly right. This point established, I pass to the demonstration of the 
following theorem: 

If a body falls freely along smooth planes inclined at any angle whatsoever, 
but of the same height, the speeds with which it reaches the bottom are the same. 

First we must recall the fact that on a plane of any inclination whatever a 
body starting from rest gains speed or momentum [la quantita dell’impeto] in 
direct proportion to the time, in agreement with the definition of naturally 
accelerated motion given by the Author. Hence, as he has shown in the 
preceding proposition, the distances traversed are proportional to the squares of 
the times and therefore to the squares of the speeds. The speed relations are here 
the same as in the motion first studied [i. e., vertical motion], since in each case 
the gain of speed is proportional to the time. 

Let AB be an inclined plane whose height above the level BC is AC. As we 
have seen above the force impelling [l impeto] a body to fall along the vertical 
AC is to the force which drives the same body along the inclined plane AB as 
AB is to AC. On the incline AB, lay off AD a third proportional to AB and AC; 
then the force producing motion along AC is to that along AB (i. e., along AD) 
as the length AC is to the length AD. And therefore the body will traverse the 
space AD, along the incline AB, in the same time which it would occupy in 
falling the vertical distance AC, (since the forces [momenti] are in the same ratio 
as these distances); also the speed at C is to the speed at D as the distance AC is 
to the distance AD. But, according to the definition of accelerated motion, the 
speed at B is to the speed of the same body at D as the time required to traverse 
AB is to the time required for AD; and, according to the last corollary of the 
second proposition, the time of passing through the distance AB bears to the 
time of passing through AD the same ratio as the distance AC (a mean 
proportional between AB and AD) to AD. Accordingly the two speeds at B and 
C each bear to the speed at D the same ratio, namely, that of the distances AC 
and AD; hence they are equal. This is the theorem which I set out to prove. 
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From the above we are better able to demonstrate the following third 
proposition of the Author in which he employs the following principle, namely, 
the time required to traverse an inclined plane is to that required to fall through 
the vertical height of the plane in the same ratio as the length of the plane to its 
height. 

In like manner it can be shown that the time required to fall through AC is to 
the time required for any other incline AE as the length AC is to the length AE; 
therefore, ex aequali, the time of fall along the incline AB is to that along AE as 
the distance AB is to the distance AE, etc.°° 


5 Putting this argument in a modern and evident notation, one has AC = % gtc2 and AD = % gtd2 If now = 
AB. AD, it follows at once that td = tc [Trans.] 


q. d. e. 


One might by application of this same theorem, as Sagredo will readily see, 
immediately demonstrate the sixth proposition of the Author; but let us here end 
this digression which Sagredo has perhaps found rather tedious, though I 
consider it quite important for the theory of motion. 


Sagr. On the contrary it has given me great satisfaction, and indeed I find it 
necessary for a complete grasp of this principle. 


Salv. I will now resume the reading of the text. 

If one and the same body, starting from rest, falls along an inclined plane and 
also along a vertical, each having the same height, the times of descent will be to 
each other as the lengths of the inclined plane and the vertical. 

Let AC be the inclined plane and AB the perpendicular, each having the same 
vertical height above the horizontal, namely, BA; then I say, the time of descent 
of one and the same body along the plane AC bears a ratio to the time of fall 
along the perpendicular AB, which is the same as the ratio of the length AC to 
the length AB. Let DG, EI and LF be any lines parallel to the horizontal CB; 
then it follows from what has preceded that a body starting from A will acquire 
the same speed at the point G as at D, since in each case the vertical fall is the 
same; in like manner the speeds at I and E will be the same; so also those at L 
and F. And in general the speeds at the two extremities of any parallel drawn 
from any point on AB to the corresponding point on AC will be equal. 
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Thus the two distances AC and AB are traversed at the same speed. But it has 
already been proved that if two distances are traversed by a body moving with 
equal speeds, then the ratio of the times of descent will be the ratio of the 
distances themselves; therefore, the time of descent along AC is to that along AB 
as the length of the plane AC is to the vertical distance AB. 

q. e.d. 

It seems to me that the above could have been proved clearly and briefly on 
the basis of a proposition already demonstrated, namely, that the distance 
traversed in the case of accelerated motion along AC or AB is the same as that 
covered by a uniform speed whose value is one-half the maximum speed, CB; 
the two distances AC and AB having been traversed at the same uniform speed it 
is evident, from Proposition I, that the times of descent will be to each other as 
the distances. 


Corollary 


Hence we may infer that the times of descent along planes having different 
inclinations, but the same vertical height stand to one another in the same ratio 
as the lengths of the planes. For consider any plane AM extending from A to the 
horizontal CB; then it may be demonstrated in the same manner that the time of 
descent along AM is to the time along AB as the distance AM is to AB; but 
since the time along AB is to that along AC as the length AB is to the length AC, 
it follows, ex equali, that as AM is to AC so is the time along AM to the time 
along AC. 


Theorem IV, Proposition IV 


The times of descent along planes of the same length but of different inclinations 
are to each other in the inverse ratio of the square roots of their heights 

From a single point B draw the planes BA and BC, having the same length 
but different inclinations; let AE and CD be horizontal lines drawn to meet the 
perpendicular BD; and let BE represent the height of the plane AB, and BD the 
height of BC; also let BI be a mean proportional to BD and BE; then the ratio of 
BD to BI is equal to the square root of the ratio of BD to BE. Now, I say, the 
ratio of the times of descent along BA and BC is the ratio of BD to BI; so that 
the time of descent along BA is related to the height of the other plane BC, 
namely BD as the time along BC is related to the height BI. Now it must be 
proved that the time of descent along BA is to that along BC as the length BD is 
to the length BI. 
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Draw IS parallel to DC; and since it has been shown that the time of fall 
along BA is to that along the vertical BE as BA is to BE; and also that the time 
along BE is to that along BD as BE is to BI; and likewise that the time along BD 
is to that along BC as BD is to BC, or as BI to BS; it follows, ex equali, that the 
time along BA is to that along BC as BA to BS, or BC to BS. However, BC is to 
BS as BD is to BI; hence follows our proposition. 


Theorem V, Proposition V 


The times of descent along planes of different length, slope and height bear to 
one another a ratio which is equal to the product of the ratio of the lengths by the 
square root of the inverse ratio of their heights. 
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Theorem VI, Proposition VI 


If from the highest or lowest point in a vertical circle there be drawn any 
inclined planes meeting the circumference the times of descent along these 
chords are each equal to the other. 

By use of the principles of mechanics [ex mechanicis] one may obtain the 
same result, namely, that a falling body will require equal times to traverse the 
distances CA and DA, indicated in the following figure. Lay off BA equal to 
DA, and let fall the perpendiculars BE and DF; it follows from the principles of 
mechanics that the component of the momentum [momentum ponderis] acting 
along the inclined plane ABC is to the total momentum [i. e., the momentum of 
the body falling freely] as BE is to BA; in like manner the momentum along the 
plane AD is to its total momentum [i. e., the momentum of the body falling 
freely] as DF is to DA, or to BA. Therefore the momentum of this same weight 
along the plane DA is to that along the plane ABC as the length DF is to the 


length BE; for this reason, this same weight will in equal times according to the 
second proposition of the first book, traverse spaces along the planes CA and 
DA which are to each other as the lengths BE and DF. But it can be shown that 
CA is to DA as BE is to DF. Hence the falling body will traverse the two paths 
CA and DA in equal times. 
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Moreover the fact that CA is to DA as BE is to DF may be demonstrated as 
follows: Join C and D; through D, draw the line DGL parallel to AF and cutting 
the line AC in I; through B draw the line BH, also parallel to AF. Then the angle 
ADI will be equal to the angle DCA, since they subtend equal arcs LA and DA, 
and since the angle DAC is common, the sides of the triangles, CAD and DAI, 
about the common angle will be proportional to each other; accordingly as CA is 
to DA so is DA to IA, that is as BA is to IA, or as HA is to GA, that is as BE is 
to DF. 

e.d. 

The same proposition may be more easily demonstrated as follows: On the 
horizontal line AB draw a circle whose diameter DC is vertical. From the upper 


end of this diameter draw any inclined plane, DF, extending to meet the 
circumference; then, I say, a body will occupy the same time in falling along the 
plane DF as along the diameter DC. For draw FG parallel to AB and 
perpendicular to DC; join FC; and since the time of fall along DC is to that along 
DG as the mean proportional between CD and GD is to GD itself; and since also 
DF is a mean proportional between DC and DG, the angle DFC inscribed in a 
semicircle being a right-angle, and FG being perpendicular to DC, it follows that 
the time of fall along DC is to that along DG as the length FD is to GD. But it 
has already been demonstrated that the time of descent along DF is to that along 
DG as the length DF is to DG; hence the times of descent along DF and DC each 
bear to the time of fall along DG the same ratio; consequently they are equal. 


D 
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In like manner it may be shown that if one draws the chord CE from the 
lower end of the diameter, also the line EH parallel to the horizon, and joins the 


points E and D, the time of descent along EC,will be the same as that along the 
diameter, DC. 


Corollary I 


From this it follows that the times of descent along all chords drawn through 
either C or D are equal one to another. 


Corollary II 


It also follows that, if from any one point there be drawn a vertical line and an 
inclined one along which the time of descent is the same, the inclined line will 
be a chord of a semicircle of which the vertical line is the diameter. 


Corollary HI 


Moreover the times of descent along inclined planes will be equal when the 
vertical heights of equal lengths of these planes are to each other as the lengths 
of the planes themselves; thus it is clear that the times of descent along CA and 
DA, in the figure just before the last, are equal, provided the vertical height of 
AB (AB being equal to AD), namely, BE, is to the vertical height DF as CA is to 
DA. 

Sagr. Please allow me to interrupt the lecture for a moment in order that I may 
clear up an idea which just occurs to me; one which, if it involve no fallacy, 
suggests at least a freakish and interesting circumstance, such as often occurs in 
nature and in the realm of necessary consequences. 

If, from any point fixed in a horizontal plane, straight lines be drawn 
extending indefinitely in all directions, and if we imagine a point to move along 
each of these lines with constant speed, all starting from the fixed point at the 
same instant and moving with equal speeds, then it is clear that all of these 
moving points will lie upon the circumference of a circle which grows larger and 
larger, always having the aforesaid fixed point as its center; this circle spreads 
out in precisely the same manner as the little waves do in the case of a pebble 
allowed to drop into quiet water, where the impact of the stone starts the motion 
in all directions, while the point of impact remains the center of these ever- 
expanding circular waves. But imagine a vertical plane from the highest point of 
which are drawn lines inclined at every angle and extending indefinitely; 
imagine also that heavy particles descend along these lines each with a naturally 
accelerated motion and each with a speed appropriate to the inclination of its 
line. If these moving particles are always visible, what will be the locus of their 
positions at any instant? Now the answer to this question surprises me, for I am 
led by the preceding theorems to believe that these particles will always lie upon 
the circumference of a single circle, ever increasing in size as the particles 
recede farther and farther from the point at which their motion began. To be 
more definite, let A be the fixed point from which are drawn the lines AF and 
AH inclined at any angle whatsoever. On the perpendicular AB take any two 
points C and D about which, as centers, circles are described passing through the 
point A, and cutting the inclined lines at the points F, H, B, E, G, I. From the 
preceding theorems it is clear that, if particles start, at the same instant, from A 
and descend along these lines, when one is at E another will be at G and another 
at I; at a later instant they will be found simultaneously at F, H and B; these, and 
indeed an infinite number of other particles travelling along an infinite number 


of different slopes will at successive instants always lie upon a single ever- 
expanding circle. The two kinds of motion occurring in nature give rise therefore 
to two infinite series of circles, at once resembling and differing from each other; 
the one takes its rise in the center of an infinite number of concentric circles; the 
other has its origin in the contact, at their highest points, of an infinite number of 
eccentric circles; the former are produced by motions which are equal and 
uniform; the latter by motions which are neither uniform nor equal among 


themselves, but which vary from one to another according to the slope. 
‘2 
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Further, if from the two points chosen as origins of motion, we draw lines not 
only along horizontal and vertical planes but in all directions then just as in the 
former cases, beginning at a single point ever-expanding circles are produced, so 
in the latter case an infinite number of spheres are produced about a single point, 
or rather a single sphere which expands in size without limit; and this in two 
ways, one with the origin at the center, the other on the surface of the spheres. 


Salv. The idea is really beautiful and worthy of the clever mind of Sagredo. 


Simp. As for me, I understand in a general way how the two kinds of natural 
motions give rise to the circles and spheres; and yet as to the production of 
circles by accelerated motion and its proof, I am not entirely clear; but the fact 
that one can take the origin of motion either at the inmost center or at the very 
top of the sphere leads one to think that there may be some great mystery hidden 
in these true and wonderful results, a mystery related to the creation of the 
universe (which is said to be spherical in shape), and related also to the seat of 
the first cause [prima causa]. 


Salv. I have no hesitation in agreeing with you. But profound considerations of 
this kind belong to a higher science than ours [a piu alte dottrine che le nostre]. 
We must be satisfied to belong to that class of less worthy workmen who 
procure from the quarry the marble out of which, later, the gifted sculptor 
produces those masterpieces which lay hidden in this rough and shapeless 
exterior. Now, if you please, let us proceed. 


Theorem VII, Proposition VII 


If the heights of two inclined planes are to each other in the same ratio as the 
squares of their lengths, bodies starting from rest will traverse these planes in 
equal times. 

Take two planes of different lengths and different inclinations, AE and AB, 
whose heights are AF and AD: let AF be to AD as the square of AE is to the 
square of AB; then, I say, that a body, starting from rest at A, will traverse the 
planes AE and AB in equal times. From the vertical line, draw the horizontal 
parallel lines EF and DB, the latter cutting AE at G. Since FA:DA=:, and since 
FA:DA=EA:GA, it follows that EA:GA=:. Hence BA is a mean proportional 
between EA and GA. Now since the time of descent along AB bears to the time 
along AG the same ratio which AB bears to AG and since also the time of 
descent along AG is to the time along AE as AG is to a mean proportional 
between AG and AE, that is, to AB, it follows, ex equali, that the time along AB 
is to the time along AE as AB is to itself. Therefore the times are equal. 

q. e.d. 
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Theorem VIII, Proposition VIII 


The times of descent along all inclined planes which intersect one and the same 
vertical circle, either at its highest or lowest point, are equal to the time of fall 
along the vertical diameter; for those planes which fall short of this diameter the 
times are shorter; for planes which cut this diameter, the times are longer. 


Theorem IX, Proposition IX 


If from any point on a horizontal line two planes, inclined at any angle, are 
drawn, and if they are cut by a line which makes with them angles alternately 
equal to the angles between these planes and the horizontal, then the times 
required to traverse those portions of the plane cut off by the aforesaid line are 
equal. 


Through the point C on the horizontal line X, draw two planes CD and CE 
inclined at any angle whatever: at any point in the line CD lay off the angle CDF 
equal to the angle XCE; let the line DF cut CE at F so that the angles CDF and 
CFD are alternately equal to XCE and LCD; then, I say, the times of descent 
over CD and CF are equal. Now since the angle CDF is equal to the angle XCE 
by construction, it is evident that the angle CFD must be equal to the angle DCL. 
For if the common angle DCF be subtracted from the three angles of the triangle 
CDF, together equal to two right angles, (to which are also equal all the angles 
which can be described about the point C on the lower side of the line LX) there 
remain in the triangle two angles, CDF and CFD, equal to the two angles XCE 
and LCD; but, by hypothesis, the angles CDF and XCE are equal; hence the 
remaining angle CFD is equal to the remainder DCL. Take CE equal to CD; 
from the points D and E draw DA and EB perpendicular to the horizontal line 
XL; and from the point C draw CG perpendicular to DF. Now since the angle 
CDG is equal to the angle ECB and since DGC and CBE are right angles, it 
follows that the triangles CDG and CBE are equiangular; consequently 
DC:CG=CE:EB. But DC is equal to CE, and therefore CG is equal to EB. Since 
also the angles at C and at A, in the triangle DAC, are equal to the angles at F 
and G in the triangle CGF, we have CD:DA=FC:CG and, permutando, 
DC:CF=DA:CG=DA:BE. Thus the ratio of the heights of the equal planes CD 
and CE is the same as the ratio of the lengths DC and CF. Therefore, by 
Corollary I of Prop. VI, the times of descent along these planes will be equal. 

q. e.d. 
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An alternative proof is the following: Draw FS perpendicular to the horizontal 
line AS. Then, since the triangle CSF is similar to the triangle DGC, we have 
SF:FC=GC:CD; and since the triangle CFG is similar to the triangle DCA, we 
have FC:CG=CD:DA. Hence, ex equali, SF:CG=CG:DA. Therefore CG is a 
mean proportional between SF and DA, while DA:SF=:. Again since the triangle 
ACD is similar to the triangle CGF, we have DA:DC=GC:CF and, permutando, 
DA:CG = DC:CF: also :=:. But it has been shown that :=DA:SF. Therefore 
:=DA:FS. Hence from the above Prop. VII, since the heights DA and FS of the 
planes CD and CF are to each other as the squares of the lengths of the planes, it 
follows that the times of descent along these planes will be equal. 





Fig. 63 


Theorem X, Proposition X 


The times of descent along inclined planes of the same height, but of different 

slope, are to each other as the lengths of these planes; and this is true whether the 

motion starts from rest or whether it is preceded by a fall from a constant height. 
q. e.d. 
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Theorem XI, Proposition XI 


If a plane be divided into any two parts and if motion along it starts from rest, 
then the time of descent along the first part is to the time of descent along the 
remainder as the length of this first part is to the excess of a mean proportional 
between this first part and the entire length over this first part. 

Let the fall take place, from rest at A, through the entire distance AB which is 
divided at any point C; also let AF be a mean proportional between the entire 
length BA and the first part AC; then CF will denote the excess of the mean 
proportional FA over the first part AC. Now, I say, the time of descent along AC 
will be to the time of subsequent fall through CB as the length AC is to CF. This 
is evident, because the time along AC is to the time along the entire distance AB 
as AC is to the mean proportional AF. Therefore, dividendo, the time along AC 
will be to the time along the remainder CB as AC is to CF. If we agree to 


represent the time along AC by the length AC then the time along CB will be 
represented by CF. 
q. e. d. 
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Theorem XII, Proposition XII 


If a vertical plane and any inclined plane are limited by two horizontals, and if 
we take mean proportionals between the lengths of these planes and those 
portions of them which lie between their point of intersection and the upper 
horizontal, then the time of fall along the perpendicular bears to the time 
required to traverse the upper part of the perpendicular plus the time required to 
traverse the lower part of the intersecting plane the same ratio which the entire 
length of the vertical bears to a length which is the sum of the mean proportional 
on the vertical plus the excess of the entire length of the inclined plane over its 
mean proportional. 

Let AF and CD be two horizontal planes limiting the vertical plane AC and 
the inclined plane DF; let the two last-mentioned planes intersect at B. Let AR 
be a mean proportional between the entire vertical AC and its upper part AB; 
and let FS be a mean proportional between FD and its upper part FB. Then, I 
say, the time of fall along the entire vertical path AC bears to the time of fall 
along its upper portion AB plus the time of fall along the lower part of the 


inclined plane, namely, BD, the same ratio which the length AC bears to the 
mean proportional on the vertical, namely, AR, plus the length SD which is the 
excess of the entire plane DF over its mean proportional FS. 

Join the points R and S giving a horizontal line RS. Now since the time of fall 
through the entire distance AC is to the time along the portion AB as CA is to 
the mean proportional AR it follows that, if we agree to represent the time of fall 
through AC by the distance AC, the time of fall through the distance AB will be 
represented by AR; and the time of descent through the remainder, BC, will be 
represented by RC. But, if the time along AC is taken to be equal to the length 
AC, then the time along FD will be equal to the distance FD; and we may 
likewise infer that the time of descent along BD, when preceded by a fall along 
FB or AB, is numerically equal to the distance DS. Therefore the time required 
to fall along the path AC is equal to AR plus RC; while the time of descent along 
the broken line ABD will be equal to AR plus SD. 

q. e.d. 





The same thing is true if, in place of a vertical plane, one takes any other 
plane, as for instance NO; the method of proof is also the same. 


Problem I, Proposition XIII 


Given a perpendicular line of limited length, it is required to find a plane having 
a vertical height equal to the given perpendicular and so inclined that a body, 
having fallen from rest along the perpendicular, will make its descent along the 
inclined plane in the same time which it occupied in falling through the given 
perpendicular. 

Let AB denote the given perpendicular: prolong this line to C making BC 
equal to AB, and draw the horizontal lines CE and AG. It is required to draw a 
plane from B to the horizontal line CE such that after a body starting from rest at 
A has fallen through the distance AB, it will complete its path along this plane in 
an equal time. Lay off CD equal to BC, and draw the line BD. Construct the line 
BE equal to the sum of BD and DC; then, I say, BE is the required plane. 
Prolong EB till it intersects the horizontal AG at G. Let GF be a mean 
proportional between GE and GB; then EF:FB=EG:GF, and :=:=EG:GB. But EG 
is twice GB; hence the square of EF is twice the square of FB; so also is the 
square of DB twice the square of BC. Consequently EF:FB=DB:BC, and 
componendo et permutando, EB:DB + BC=BF:BC. But EB=DB + BC; hence 
BF=BC=BA. If we agree that the length AB shall represent the time of fall along 
the line AB, then GB will represent the time of descent along GB, and GF the 
time along the entire distance GE; therefore BF will represent the time of 
descent along the difference of these paths, namely, BE, after fall from G or 
from A. 

q. e. d. 
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Problem II, Proposition XIV 


Given an inclined plane and a perpendicular passing through it, to find a length 
on the upper part of the perpendicular through which a body will fall from rest in 
the same time which is required to traverse the inclined plane after fall through 
the vertical distance just determined. 
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Problem HI, Proposition XV 


Given a vertical line and a plane inclined to it, it is required to find a length on 
the vertical line below its point of intersection which will be traversed in the 
same time as the inclined plane, each of these motions having been preceded by 
a fall through the given vertical line. 

Let AB represent the vertical line and BC the inclined plane; it is required to 
find a length on the perpendicular below its point of intersection, which after a 
fall from A will be traversed in the same time which is needed for BC after an 
identical fall from A. Draw the horizontal AD, intersecting the prolongation of 
CB at D; let DE be a mean proportional between CD and DB; lay off BF equal 
to BE; also let AG be a third proportional to BA and AF. Then, I say, BG is the 
distance which a body, after falling through AB, will traverse in the same time 
which is needed for the plane BC after the same preliminary fall. For if we 
assume that the time of fall along AB is represented by AB, then the time for DB 


will be represented by DB. And since DE is a mean proportional between BD 
and DC, this same DE will represent the time of descent along the entire distance 
DC while BE will represent the time required for the difference of these paths, 
namely, BC, provided in each case the fall is from rest at D or at A. In like 
manner we may infer that BF represents the time of descent through the distance 
BG after the same preliminary fall; but BF is equal to BE. Hence the problem is 
solved. 


A D 





G 
Fig. 70 


Theorem XIII, Proposition XVI 


If a limited inclined plane and a limited vertical line are drawn from the same 
point, and if the time required for a body, starting from rest, to traverse each of 
these is the same, then a body falling from any higher altitude will traverse the 
inclined plane in less time than is required for the vertical line. 

In like manner EF represents the time of descent along EC, starting from rest 
at D or falling from rest at A. But it has been shown that EF is less than EG; 


hence follows the theorem. 


Corollary 


From this and the preceding proposition, it is clear that the vertical distance 
covered by a freely falling body, after a preliminary fall, and during the time- 
interval required to traverse an inclined plane, is greater than the length of the 
inclined plane, but less than the distance traversed on the inclined plane during 
an equal time, without any preliminary fall. For since we have just shown that 
bodies falling from an elevated point A will traverse the plane EC in Fig. 71 ina 
shorter time than the vertical EB, it is evident that the distance along EB which 
will be traversed during a time equal to that of descent along EC will be less than 
the whole of EB. But now in order to show that this vertical distance is greater 
than the length of the inclined plane EC, we reproduce Fig. 70 of the preceding 
theorem in which the vertical length BG is traversed in the same time as BC 
after a preliminary fall through AB. That BG is greater than BC is shown as 
follows: since BE and FB are equal while BA is less than BD, it follows that FB 
will bear to BA a greater ratio than EB bears to BD; and, componendo, FA will 
bear to BA a greater ratio than ED to DB; but FA:AB=GF:FB (since AF is a 
mean proportional between BA and AG) and in like manner ED:BD=CE:EB. 
Hence GB bears to BF a greater ratio than CB bears to BE; therefore GB is 
greater than BC. 
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Problem IV, Proposition XVII 


Given a vertical line and an inclined plane, it is required to lay off a distance 
along the given plane which will be traversed by a body, after fall along the 
perpendicular, in the same time-interval which is needed for this body to fall 
from rest through the given perpendicular. 

Let AB be the vertical line and BE the inclined plane. The problem is to 
determine on BE a distance such that a body, after falling through AB, will 
traverse it in a time equal to that required to traverse the perpendicular AB itself, 
starting from rest. 

Draw the horizontal AD and extend the plane until it meets this line in D. Lay 
off FB equal to BA; and choose the point E such that BD:FD=DF:DE. Then, I 
say, the time of descent along BE, after fall through AB, is equal to the time of 
fall, from rest at A, through AB. For, if we assume that the length AB represents 
the time of fall through AB, then the time of fall through DB will be represented 


by the time DB; and since BD:FD=DF:DE, it follows that DF will represent the 
time of descent along the entire plane DE while BF represents the time through 
the portion BE starting from rest at D; but the time of descent along BE after the 
preliminary descent along DB is the same as that after a preliminary fall through 
AB. Hence the time of descent along BE after AB will be BF which of course is 
equal to the time of fall through AB from rest at A. 


q. e. f. 
A. D 
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Problem V, Proposition X VIII 


Given the distance through which a body will fall vertically from rest during a 
given time-interval, and given also a smaller time-interval, it is required to locate 
another [equal] vertical distance which the body will traverse during this given 
smaller time-interval. 
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Problem VI, Proposition XIX 


Given the distance through which a body falls in a vertical line from rest and 
given also the time of fall, it is required to find the time in which the same body 
will, later, traverse an equal distance chosen anywhere in the same vertical line. 
On the vertical line AB, lay off AC equal to the distance fallen from rest at A, 
also locate at random an equal distance DB. Let the time of fall through AC be 
represented by the length AC. It is required to find the time necessary to traverse 
DB after fall from rest at A. About the entire length AB describe the semicircle 
AEB; from C draw CE perpendicular to AB; join the points A and E; the line AE 
will be longer than EC; lay off EF equal to EC. Then, I say, the difference FA 
will represent the time required for fall through DB. For since AE is a mean 
proportional between BA and AC and since AC represents the time of fall 
through AC, it follows that AE will represent the time through the entire distance 
AB. And since CE is a mean proportional between DA and AC (seeing that 


DA=BC) it follows that CE, that is, EF, will represent the time of fall through 
AD. Hence the difference AF will represent the time of fall through the 
difference DB. 

q. e.d. 
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Corollary 


Hence it is inferred that if the time of fall from rest through any given distance is 
represented by that distance itself, then the time of fall, after the given distance 
has been increased by a certain amount, will be represented by the excess of the 
mean proportional between the increased distance and the original distance over 
the mean proportional between the original distance and the increment. Thus, for 
instance, if we agree that AB represents the time of fall, from rest at A, through 
the distance AB, and that AS is the increment, the time required to traverse AB, 
after fall through SA, will be the excess of the mean proportional between SB 
and BA over the mean proportional between BA and AS. 


Problem VII, Proposition XX 


Given any distance whatever and a portion of it laid off from the point at which 
motion begins, it is required to find another portion which lies at the other end of 
the distance and which is traversed in the same time as the first given portion. 
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Let the given distance be CB and let CD be that part of it which is laid off 
from the beginning of motion. It is required to find another part, at the end B, 
which is traversed in the same time as the assigned portion CD. Let BA be a 
mean proportional between BC and CD; also let CE be a third proportional to 
BC and CA. Then, I say, EB will be the distance which, after fall from C, will be 
traversed in the same time as CD itself. For if we agree that CB shall represent 
the time through the entire distance CB, then BA (which, of course, is a mean 
proportional between BC and CD) will represent the time along CD; and since 
CA is a mean proportional between BC and CE, it follows that CA will be the 
time through CE; but the total length CB represents the time through the total 
distance CB. Therefore the difference BA will be the time along the difference 
of distances, EB, after falling from C; but this same BA was the time of fall 
through CD. Consequently the distances CD and EB are traversed, from rest at 
A, in equal times. 

q. e. f. 
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Theorem XIV, Proposition XXI 


If, on the path of a body falling vertically from rest, one lays off a portion which 
is traversed in any time you please and whose upper terminus coincides with the 
point where the motion begins, and if this fall is followed by a motion deflected 
along any inclined plane, then the space traversed along the inclined plane, 
during a time-interval equal to that occupied in the previous vertical fall, will be 
greater than twice, and less than three times, the length of the vertical fall. 

Let AB be a vertical line drawn downwards from the horizontal line AE, and 
let it represent the path of a body falling from rest at A; choose any portion AC 
of this path. Through C draw any inclined plane, CG, along which the motion is 
continued after fall through AC. Then, I say, that the distance traversed along 
this plane CG, during the time-interval equal to that of the fall through AC, is 
more than twice, but less than three times, this same distance AC. Let us lay off 
CF equal to AC, and extend the plane GC until it meets the horizontal in E; 


choose G such that CE:EF=EF:EG. If now we assume that the time of fall along 
AC is represented by the length AC, then CE will represent the time of descent 
along CE, while CF, or CA, will represent the time of descent along CG. It now 
remains to be shown that the distance CG is more than twice, and less than three 
times, the distance CA itself. Since CE:EF=EF:EG, it follows that 
CE:EF=CF:FG; but EC<EF; therefore CF will be less than FG and GC will be 
more than twice FC, or AC. Again since FE<2EC (for EC is greater than CA, or 
CF), we have GF less than twice FC, and also GC less than three times CF, or 
CA. 
q. e.d. 
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This proposition may be stated in a more general form; since what has been 
proven for the case of a vertical and inclined plane holds equally well in the case 
of motion along a plane of any inclination followed by motion along any plane 
of less steepness, as can be seen from the adjoining figure. The method of proof 
is the same. 
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Given two unequal time-intervals, also the distance through which a body will 
fall along a vertical line, from rest, during the shorter of these intervals, it is 
required to pass through the highest point of this vertical line a plane so inclined 
that the time of descent along it will be equal to the longer of the given intervals. 

Let A represent the longer and B the shorter of the two unequal time- 
intervals, also let CD represent the length of the vertical fall, from rest, during 
the time B. It is required to pass through the point C a plane of such a slope that 
it will be traversed in the time A. 

Cc 
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B 
Fig. 79 

Draw from the point C to the horizontal a line CX of such a length that 
B:A=CD:CX. It is clear that CX is the plane along which a body will descend in 
the given time A. For it has been shown that the time of descent along an 
inclined plane bears to the time of fall through its vertical height the same ratio 
which the length of the plane bears to its vertical height. Therefore the time 
along CX is to the time along CD as the length CX is to the length CD, that is, as 
the time-interval A is to the time-interval B: but B is the time required to 
traverse the vertical distance, CD, starting from rest; therefore A is the time 
required for descent along the plane CX. 


Problem IX, Proposition XXIII 


Given the time employed by a body in falling through a certain distance along a 
vertical line, it is required to pass through the lower terminus of this vertical fall, 
a plane so inclined that this body will, after its vertical fall, traverse on this 
plane, during a time-interval equal to that of the vertical fall, a distance equal to 
any assigned distance, provided this assigned distance is more than twice and 
less than three times, the vertical fall. 

Let AS be any vertical line, and let AC denote both the length of the vertical 
fall, from rest at A, and also the time required for this fall. Let IR be a distance 
more than twice and less than three times, AC. It is required to pass a plane 


through the point C so inclined that a body, after fall through AC, will, during 
the time AC, traverse a distance equal to IR. Lay off RN and NM each equal to 
AC. Through the point C, draw a plane CE meeting the horizontal, AE, at such a 
point that IM:MN=AC:CE. Extend the plane to O, and lay off CF, FG and GO 
equal to RN, NM, and MI respectively. Then, I say, the time along the inclined 
plane CO, after fall through AC, is equal to the time of fall, from rest at A, 
through AC. For since OG:GF=FC:CE, it follows, componendo, that 
OF:FG=OF:FC=FE:EC, and since an antecedent is to its consequent as the sum 
of the antecedents is to the sum of the consequents, we have OE:EF=EF:EC. 
Thus EF is a mean proportional between OE and EC. Having agreed to represent 
the time of fall through AC by the length AC it follows that EC will represent 
the time along EC, and EF the time along the entire distance EO, while the 
difference CF will represent the time along the difference CO; but CF=CA; 
therefore the problem is solved. For the time CA is the time of fall, from rest at 
A, through CA while CF (which is equal to CA) is the time required to traverse 
CO after descent along EC or after fall through AC. 


q. e. f. 
TM N R 
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It is to be remarked also that the same solution holds if the antecedent motion 


takes place, not along a vertical, but along an inclined plane. This case is 
illustrated in the following figure where the antecedent motion is along the 


inclined plane AS underneath the horizontal AE. The proof is identical with the 
preceding. 


Scholium 


On careful attention, it will be clear that, the nearer the given line IR approaches 
to three times the length AC, the nearer the inclined plane, CO, along which the 
second motion takes place, approaches the perpendicular along which the space 
traversed, during the time AC, will be three times the distance AC. For if IR be 
taken nearly equal to three times AC, then IM will be almost equal to MN; and 
since, by construction, IM:MN=AC:CE, it follows that CE is but little greater 
than CA: consequently the point E will lie near the point A, and the lines CO and 
CS, forming a very acute angle, will almost coincide. But, on the other hand, if 
the given line, IR, be only the least bit longer than twice AC, the line IM will be 
very short; from which it follows that AC will be very small in comparison with 
CE which is now so long that it almost coincides with the horizontal line drawn 
through C. Hence we can infer that, if, after descent along the inclined plane AC 
of the adjoining figure, the motion is continued along a horizontal line, such as 
CT, the distance traversed by a body, during a time equal to the time of fall 
through AC, will be exactly twice the distance AC. The argument here employed 
is the same as the preceding. For it is clear, since OE:EF=EF:EC, that FC 
measures the time of descent along CO. But, if the horizontal line TC which is 
twice as long as CA, be divided into two equal parts at V then this line must be 
extended indefinitely in the direction of X before it will intersect the line AE 
produced; and accordingly the ratio of the infinite length TX to the infinite 
length VX is the same as the ratio of the infinite distance VX to the infinite 
distance CX. 
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The same result may be obtained by another method of approach, namely, by 
returning to the same line of argument which was employed in the proof of the 
first proposition. Let us consider the triangle ABC, which, by lines drawn 
parallel to its base, represents for us a velocity increasing in proportion to the 
time; if these lines are infinite in number, just as the points in the line AC are 
infinite or as the number of instants in any interval of time is infinite, they will 
form the area of the triangle. Let us now suppose that the maximum velocity 
attained — that represented by the line BC — to be continued, without 
acceleration and at constant value through another interval of time equal to the 
first. From these velocities will be built up, in a similar manner, the area of the 
parallelogram ADBC, which is twice that of the triangle ABC; accordingly the 
distance traversed with these velocities during any given interval of time will be 
twice that traversed with the velocities represented by the triangle during an 
equal interval of time. But along a horizontal plane the motion is uniform since 
here it experiences neither acceleration nor retardation; therefore we conclude 
that the distance CD traversed during a time-interval equal to AC is twice the 
distance AC; for the latter is covered by a motion, starting from rest and 
increasing in speed in proportion to the parallel lines in the triangle, while the 
former is traversed by a motion represented by the parallel lines of the 
parallelogram which, being also infinite in number, yield an area twice that of 
the triangle. 
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Furthermore we may remark that any velocity once imparted to a moving 
body will be rigidly maintained as long as the external causes of acceleration or 
retardation are removed, a condition which is found only on horizontal planes; 
for in the case of planes which slope downwards there is already present a cause 
of acceleration, while on planes sloping upward there is retardation; from this it 
follows that motion along a horizontal plane is perpetual; for, if the velocity be 
uniform, it cannot be diminished or slackened, much less destroyed. Further, 
although any velocity which a body may have acquired through natural fall is 
permanently maintained so far as its own nature [suapte natura] is concerned, 
yet it must be remembered that if, after descent along a plane inclined 
downwards, the body is deflected to a plane inclined upward, there is already 
existing in this latter plane a cause of retardation; for in any such plane this same 
body is subject to a natural acceleration downwards. Accordingly we have here 
the superposition of two different states, namely, the velocity acquired during 
the preceding fall which if acting alone would carry the body at a uniform rate to 
infinity, and the velocity which results from a natural acceleration downwards 


common to all bodies. It seems altogether reasonable, therefore, if we wish to 
trace the future history of a body which has descended along some inclined 
plane and has been deflected along some plane inclined upwards, for us to 
assume that the maximum speed acquired during descent is permanently 
maintained during the ascent. In the ascent, however, there supervenes a natural 
inclination downwards, namely, a motion which, starting from rest, is 
accelerated at the usual rate. If perhaps this discussion is a little obscure, the 
following figure will help to make it clearer. 

Let us suppose that the descent has been made along the downward sloping 
plane AB, from which the body is deflected so as to continue its motion along 
the upward sloping plane BC; and first let these planes be of equal length and 
placed so as to make equal angles with the horizontal line GH. Now it is well 
known that a body, starting from rest at A, and descending along AB, acquires a 
speed which is proportional to the time, which is a maximum at B, and which is 
maintained by the body so long as all causes of fresh acceleration or retardation 
are removed; the acceleration to which I refer is that to which the body would be 
subject if its motion were continued along the plane AB extended, while the 
retardation is that which the body would encounter if its motion were deflected 
along the plane BC inclined upwards; but, upon the horizontal plane GH, the 
body would maintain a uniform velocity equal to that which it had acquired at B 
after fall from A; moreover this velocity is such that, during an interval of time 
equal to the time of descent through AB, the body will traverse a horizontal 
distance equal to twice AB. Now let us imagine this same body to move with the 
same uniform speed along the plane BC so that here also during a time-interval 
equal to that of descent along AB, it will traverse along BC extended a distance 
twice AB; but let us suppose that, at the very instant the body begins its ascent it 
is subjected, by its very nature, to the same influences which surrounded it 
during its descent from A along AB, namely, it descends from rest under the 
same acceleration as that which was effective in AB, and it traverses, during an 
equal interval of time, the same distance along this second plane as it did along 
AB; it is clear that, by thus superposing upon the body a uniform motion of 
ascent and an accelerated motion of descent, it will be carried along the plane 
BC as far as the point C where these two velocities become equal. 
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If now we assume any two points D and E, equally distant from the vertex B, 
we may then infer that the descent along BD takes place in the same time as the 
ascent along BE. Draw DF parallel to BC; we know that, after descent along 
AD, the body will ascend along DF; or, if, on reaching D, the body is carried 
along the horizontal DE, it will reach E with the same momentum [impetus] with 
which it left D; hence from E the body will ascend as far as C, proving that the 
velocity at E is the same as that at D. 

From this we may logically infer that a body which descends along any 
inclined plane and continues its motion along a plane inclined upwards will, on 
account of the momentum acquired, ascend to an equal height above the 
horizontal; so that if the descent is along AB the body will be carried up the 
plane BC as far as the horizontal line ACD: and this is true whether the 
inclinations of the planes are the same or different, as in the case of the planes 
AB and BD. But by a previous postulate [p. 184] the speeds acquired by fall 
along variously inclined planes having the same vertical height are the same. If 
therefore the planes EB and BD have the same slope, the descent along EB will 
be able to drive the body along BD as far as D; and since this propulsion comes 
from the speed acquired on reaching the point B, it follows that this speed at B is 
the same whether the body has made its descent along AB or EB. Evidently then 
the body will be carried up BD whether the descent has been made along AB or 
along EB. The time of ascent along BD is however greater than that along BC, 
just as the descent along EB occupies more time than that along AB; moreover it 
has been demonstrated that the ratio between the lengths of these times is the 
same as that between the lengths of the planes. We must next discover what ratio 
exists between the distances traversed in equal times along planes of different 
slope, but of the same elevation, that is, along planes which are included 
between the same parallel horizontal lines. This is done as follows: 
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Theorem XV, Proposition XXIV 


Given two parallel horizontal planes and a vertical line connecting them; given 
also an inclined plane passing through the lower extremity of this vertical line; 
then, if a body fall freely along the vertical line and have its motion reflected 
along the inclined plane, the distance which it will traverse along this plane, 
during a time equal to that of the vertical fall, is greater than once but less than 
twice the vertical line. 

Let BC and HG be the two horizontal planes, connected by the perpendicular 
AE; also let EB represent the inclined plane along which the motion takes place 
after the body has fallen along AE and has been reflected from E towards B. 
Then, I say, that, during a time equal to that of fall along AE, the body will 
ascend the inclined plane through a distance which is greater than AE but less 
than twice AE. Lay off ED equal to AE and choose F so that EB:BD=BD:BF. 
First we shall show that F is the point to which the moving body will be carried 
after reflection from E towards B during a time equal to that of fall along AE; 
and next we shall show that the distance EF is greater than EA but less than 
twice that quantity. 
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Let us agree to represent the time of fall along AE by the length AE, then the 
time of descent along BE, or what is the same thing, ascent along EB will be 
represented by the distance EB. 


Now, since DB is a mean proportional between EB and BF, and since BE is 
the time of descent for the entire distance BE, it follows that BD will be the time 
of descent through BF, while the remainder DE will be the time of descent along 
the remainder FE. But the time of descent along the fall from rest at B is the 
same as the time of ascent from E to F after reflection from E with the speed 
acquired during fall either through AE or BE. Therefore DE represents the time 
occupied by the body in passing from E to F, after fall from A to E and after 
reflection along EB. But by construction ED is equal to AE. This concludes the 
first part of our demonstration. 

Now since the whole of EB is to the whole of BD as the portion DB is to the 
portion BF, we have the whole of EB is to the whole of BD as the remainder ED 
is to the remainder DF; but EB>BD and hence ED>DF, and EF is less than twice 
DE or AE. 

q. e.d. 

The same is true when the initial motion occurs, not along a perpendicular, 
but upon an inclined plane: the proof is also the same provided the upward 
sloping plane is less steep, i. e., longer, than the downward sloping plane. 


Theorem XVI, Proposition XXV 


If descent along any inclined plane is followed by motion along a horizontal 
plane, the time of descent along the inclined plane bears to the time required to 
traverse any assigned length of the horizontal plane the same ratio which twice 
the length of the inclined plane bears to the given horizontal length. 

Let CB be any horizontal line and AB an inclined plane; after descent along 
AB let the motion continue through the assigned horizontal distance BD. Then, I 
say, the time of descent along AB bears to the time spent in traversing BD the 
same ratio which twice AB bears to BD. For, lay off BC equal to twice AB then 
it follows, from a previous proposition, that the time of descent along AB is 
equal to the time required to traverse BG; but the time along BC is to the time 
along DB as the length CB is to the length BD. Hence the time of descent along 
AB is to the time along BD as twice the distance AB is to the distance BD. 

q. e.d. 
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Problem X, Proposition XXVI 


Given a vertical height joining two horizontal parallel lines; given also a distance 
greater than once and less than twice this vertical height, it is required to pass 
through the foot of the given perpendicular an inclined plane such that, after fall 
through the given vertical height, a body whose motion is deflected along the 
plane will traverse the assigned distance in a time equal to the time of vertical 
fall. 

Let AB be the vertical distance separating two parallel horizontal lines AO 
and BG; also let FE be greater than once and less than twice BA. The problem is 
to pass a plane through B, extending to the upper horizontal line, and such that a 
body, after having fallen from A to B, will, if its motion be deflected along the 
inclined plane, traverse a distance equal to EF in a time equal to that of fall along 
AB. Lay off ED equal to AB; then the remainder DF will be less than AB since 
the entire length EF is less than twice this quantity; also lay off DI equal to DF, 
and choose the point X such that EI:ID=DF:FX; from B, draw the plane BO 
equal in length to EX. Then, I say, that the plane BO is the one along which, 
after fall through AB, a body will traverse the assigned distance FE in a time 
equal to the time of fall through AB. Lay off BR and RS equal to ED and DF 
respectively; then since EI:ID=DF:FX, we have, componendo, 
ED:DI=DX:XF=ED:DF=EX:XD=BO:OR=RO:OS. If we represent the time of 
fall along AB by the length AB, then OB will represent the time of descent along 
OB, and RO will stand for the time along OS, while the remainder BR will 
represent the time required for a body starting from rest at O to traverse the 
remaining distance SB. But the time of descent along SB starting from rest at O 
is equal to the time of ascent from B to S after fall through AB. Hence BO is that 
plane, passing through B, along which a body, after fall through AB, will 


traverse the distance BS, equal to the assigned distance EF, in the time-interval 
BR or BA. 
q. e. f. 
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Theorem XVII, Proposition XXVII 


If a body descends along two inclined planes of different lengths but of the same 
vertical height, the distance which it will traverse, in the lower part of the longer 
plane, during a time-interval equal to that of descent over the shorter plane, is 
equal to the length of the shorter plane plus a portion of it to which the shorter 
plane bears the same ratio which the longer plane bears to the excess of the 
longer over the shorter plane. 

Let AC be the longer plane, AB, the shorter, and AD the common elevation; 
on the lower part of AC lay off CE equal to AB. Choose F such that 
CA:AE=CA:CA-AB=CE:EF. Then, I say, that FC is that distance which will, 
after fall from A, be traversed during a time-interval equal to that required for 
descent along AB. For since CA:AE=CE:EF, it follows that the remainder EA: 
the remainder AF = CA:AE. Therefore AE is a mean proportional between AC 
and AF. Accordingly if the length AB is employed to measure the time of fall 
along AB, then the distance AC will measure the time of descent through AC; 
but the time of descent through AF is measured by the length AE, and that 
through FC by EC. Now EC=AB; and hence follows the proposition. 
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Problem XI, Proposition XXVIII 


Let AG be any horizontal line touching a circle; let AB be the diameter passing 
through the point of contact; and let AE and EB represent any two chords. The 
problem is to determine what ratio the time of fall through AB bears to the time 
of descent over both AE and EB. Extend BE till it meets the tangent at G, and 
draw AF so as to bisect the angle BAE. Then, I say, the time through AB is to 
the sum of the times along AE and EB as the length AE is to the sum of the 
lengths AE and EF. For since the angle FAB is equal to the angle FAE, while the 
angle EAG is equal to the angle ABF it follows that the entire angle GAF is 
equal to the sum of the angles FAB and ABF. But the angle GFA is also equal to 
the sum of these two angles. Hence the length GF is equal to the length GA; and 
since the rectangle BG.GE is equal to the square of GA, it will also be equal to 
the square of GF, or BG:GF=GF:GE. If now we agree to represent the time of 
descent along AE by the length AE, then the length GE will represent the time of 
descent along GE, while GF will stand for the time of descent through the entire 
distance GB; so also EF will denote the time through EB after fall from G or 
from A along AE. Consequently the time along AE, or AB, is to the time along 
AE and EB as the length AE is to AE+EF. 
q. e.d. 
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A shorter method is to lay off GF equal to GA, thus making GF a mean 
proportional between BG and GE. The rest of the proof is as above. 


Theorem XVIII, Proposition XXIX 


Given a limited horizontal line, at one end of which is erected a limited vertical 
line whose length is equal to one-half the given horizontal line; then a body, 
falling through this given height and having its motion deflected into a 
horizontal direction, will traverse the given horizontal distance and vertical line 
in less time than it will any other vertical distance plus the given horizontal 
distance. 
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Lay off EB greater than AB, as in the first figure, and less than AB, as in the 
second. It must be shown that the time required to traverse the distance EB plus 
BC is greater than that required for AB plus BC. Let us agree that the length AB 
shall represent the time along AB, then the time occupied in traversing the 
horizontal portion BC will also be AB, seeing that BC=2AB; consequently the 
time required for both AB and BC will be twice AB. Choose the point O such 
that EB:BO=BO:BA, then BO will represent the time of fall through EB. Again 
lay off the horizontal distance BD equal to twice BE; whence it is clear that BO 
represents the time along BD after fall through EB. Select a point N such that 
DB:BC=EB:BA=OB:BN. Now since the horizontal motion is uniform and since 
OB is the time occupied in traversing BD, after fall from E, it follows that NB 
will be the time along BC after fall through the same height EB. Hence it is clear 
that OB plus BN represents the time of traversing EB plus BC; and, since twice 
BA is the time along AB plus BC, it remains to be shown that OB+BN>2BA. 

But since EB:BO=BO:BA, it follows that EB:BA=:. Moreover since 
EB:BA=OB:BN it follows that OB:BN=:. But OB:BN=(OB:BA) (BA:BN), and 
therefore AB: BN=OB:BA, that is, BA is a mean proportional between BO and 
BN. Consequently OB+BN>2BA. 

q. e.d. 


Theorem XIX, Proposition XXX 


A perpendicular is let fall from any point in a horizontal line; it is required to 
pass through any other point in this same horizontal line a plane which shall cut 
the perpendicular and along which a body will descend to the perpendicular in 
the shortest possible time. Such a plane will cut from the perpendicular a portion 
equal to the distance of the assumed point in the horizontal from the upper end 
of the perpendicular. 

Let AC be any horizontal line and B any point in it from which is dropped the 
vertical line BD. Choose any point C in the horizontal line and lay off, on the 
vertical, the distance BE equal to BC; join C and E. Then, I say, that of all 
inclined planes that can be passed through C, cutting the perpendicular, CE is 
that one along which the descent to the perpendicular is accomplished in the 
shortest time. For, draw the plane CF cutting the vertical above E, and the plane 
CG cutting the vertical below E; and draw IK, a parallel vertical line, touching at 
C a circle described with BC as radius. Let EK be drawn parallel to CF, and 
extended to meet the tangent, after cutting the circle at L. Now it is clear that the 
time of fall along LE is equal to the time along CE; but the time along KE is 
greater than along LE; therefore the time along KE is greater than along CE. But 
the time along KE is equal to the time along CF, since they have the same length 
and the same slope; and, in like manner, it follows that the planes CG and IE, 
having the same length and the same slope, will be traversed in equal times. 
Also, since HE<IE, the time along HE will be less than the time along IE. 
Therefore also the time along CE (equal to the time along HE), will be shorter 
than the time along IE. 

q. e.d. 





Fig. 91 
Theorem XX, Proposition XX XI 


If a straight line is inclined at any angle to the horizontal and if, from any 
assigned point in the horizontal, a plane of quickest descent is to be drawn to the 
inclined line, that plane will be the one which bisects the angle contained 
between two lines drawn from the given point, one perpendicular to the 
horizontal line, the other perpendicular to the inclined line. 

Let CD be a line inclined at any angle to the horizontal AB; and from any 
assigned point A in the horizontal draw AC perpendicular to AB, and AE 
perpendicular to CD; draw FA so as to bisect the angle CAE. Then, I say, that of 
all the planes which can be drawn through the point A, cutting the line CD at any 
points whatsoever AF is the one of quickest descent [in quo tempore omnium 
brevissimo fiat descensus]. Draw FG parallel to AE; the alternate angles GFA 
and FAE will be equal; also the angle EAF is equal to the angle FAG. Therefore 
the sides GF and GA of the triangle FGA are equal. Accordingly if we describe a 
circle about G as center, with GA as radius, this circle will pass through the 


point F, and will touch the horizontal at the point A and the inclined line at F; for 
GFC is a right angle, since GF and AE are parallel. It is clear therefore that all 
lines drawn from A to the inclined line, with the single exception of FA, will 
extend beyond the circumference of the circle, thus requiring more time to 
traverse any of them than is needed for FA. 

q. e.d. 





Lemma 


If two circles one lying within the other are in contact, and if any straight line be 
drawn tangent to the inner circle, cutting the outer circle, and if three lines be 
drawn from the point at which the circles are in contact to three points on the 
tangential straight line, namely, the point of tangency on the inner circle and the 
two points where the straight line extended cuts the outer circle, then these three 
lines will contain equal angles at the pour of contact. 





Theorem XXI, Proposition XXXII 


If in a horizontal line any two points are chosen and if through one of these 
points a line be drawn inclined towards the other, and if from this other point a 
straight line is drawn to the inclined line in such a direction that it cuts off from 
the inclined line a portion equal to the distance between the two chosen points on 
the horizontal line, then the time of descent along the line so drawn is less than 


along any other straight line drawn from the same point to the same inclined 
line. Along other lines which make equal angles on opposite sides of this line, 
the times of descent are the same. 

Let A and B be any two points on a horizontal line: through B draw an 
inclined straight line BC, and from B lay off a distance BD equal to BA; join the 
points A and D. Then, I say, the time of descent along AD is less than along any 
other line drawn from A to the inclined line BC. From the point A draw AE 
perpendicular to BA; and from the point D draw DE perpendicular to BD, 
intersecting AE at E. Since in the isosceles triangle ABD, we have the angles 
BAD and BDA equal, their complements DAE and EDA are equal. Hence if, 
with E as center and EA as radius, we describe a circle it will pass through D and 
will touch the lines BA and BD at the points A and D. Now since A is the end of 
the vertical line AE, the descent along AD will occupy less time than along any 
other line drawn from the extremity A to the line BC and extending beyond the 
circumference of the circle; which concludes the first part of the proposition. 





If however, we prolong the perpendicular line AE, and choose any point F 
upon it, about which as center, we describe a circle of radius FA, this circle, 
AGG, will cut the tangent line in the points G and C. Draw the lines AG and AC 
which will according to the preceding lemma, deviate by equal angles from the 
median line AD. The time of descent along either of these lines is the same, 
since they start from the highest point A, and terminate on the circumference of 
the circle AGC. 


Problem XII, Proposition XX XIII 


Given a limited vertical line and an inclined plane of equal height, having a 
common upper terminal; it is required to find a point on the vertical line, 
extended upwards, from which a body will fall and, when deflected along the 
inclined plane, will traverse it in the same time-interval which is required for 
fall, from rest, through the given vertical height. 

Let AB be the given limited vertical line and AC an inclined plane having the 
same altitude. It is required to find on the vertical BA, extended above A, a point 
from which a falling body will traverse the distance AC in the same time which 
is spent in falling, from rest at A, through the given vertical line AB. Draw the 
line DCE at right angles to AC, and lay off CD equal to AB; also join the points 
A and D; then the angle ADC will be greater than the angle CAD, since the side 
CA is greater than either AB or CD. Make the angle DAE equal to the angle 
ADE, and draw EF perpendicular to AE; then EF will cut the inclined plane, 
extended both ways, at F. Lay off AI and AG each equal to CF; through G draw 
the horizontal line GH. Then, I say, H is the point sought. 

For, if we agree to let the length AB represent the time of fall along the 
vertical AB, then AC will likewise represent the time of descent from rest at A, 
along AC; and since, in the right-angled triangle AEF, the line EC has been 
drawn from the right angle at E perpendicular to the base AF, it follows that AE 
will be a mean proportional between FA and AC, while CE will be a mean 
proportional between AC and CF, that is between CA and AI. Now, since AC 
represents the time of descent from A along AC, it follows that AE will be the 
time along the entire distance AF, and EC the time along AI. But since in the 
isosceles triangle AED the side EA is equal to the side ED it follows that ED 
will represent the time of fall along AF, while EC is the time of fall along AI. 
Therefore CD, that is AB, will represent the time of fall, from rest at A, along IF; 
which is the same as saying that AB is the time of fall, from G or from H, along 
AC. 

e. f. 
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Problem XII, Proposition XXXIV 


Given a limited inclined plane and a vertical line having their highest point in 
common, it is required to find a point in the vertical line extended such that a 
body will fall from it and then traverse the inclined plane in the same time which 
is required to traverse the inclined plane alone starting from rest at the top of 
said plane. 

Let AC and AB be an inclined plane and a vertical line respectively, having a 
common highest point at A. It is required to find a point in the vertical line, 
above A, such that a body, falling from it and afterwards having its motion 
directed along AB, will traverse both the assigned part of the vertical line and 
the plane AB in the same time which is required for the plane AB alone, starting 
from rest at A. Draw BC a horizontal line and lay off AN equal to AC; choose 
the point L so that AB: BN=AL:LC, and lay off AI equal to AL; choose the point 
E such that CE, laid off on the vertical AC produced, will be a third proportional 


to AC and BI. Then, I say, CE is the distance sought; so that, if the vertical line 
is extended above A and if a portion AX is laid off equal to CE, then a body 
falling from X will traverse both the distances, XA and AB, in the same time as 
that required, when starting from A, to traverse AB alone. 

Draw XR parallel to BC and intersecting BA produced in R; next draw ED 
parallel to BC and meeting BA produced in D; on AD as diameter describe a 
semicircle; from B draw BF perpendicular to AD, and prolong it till it meets the 
circumference of the circle; evidently FB is a mean proportional between AB 
and BD, while FA is a mean proportional between DA and AB. Take BS equal 
to BI and FH equal to FB. Now since AB:BD=AC:CE and since BF is a mean 
proportional between AB and BD, while BI is a mean proportional between AC 
and CE, it follows that BA:AC=FB:BS, and since BA:AC=BA:BN=FB:BS we 
shall have, convertendo, BF:FS=AB:BN=AL:LC. Consequently the rectangle 
formed by FB and CL is equal to the rectangle whose sides are AL and SF; 
moreover, this rectangle AL.SF is the excess of the rectangle AL.FB, or AI.BF, 
over the rectangle AI.BS, or AI.IB. But the rectangle FB.LC is the excess of the 
rectangle AC.BF over the rectangle AL.BF; and moreover the rectangle AC.BF 
is equal to the rectangle AB.BI since BA:AC=FB:BI; hence the excess of the 
rectangle AB.BI over the rectangle AI.BF, or AI.FH, is equal to the excess of the 
rectangle AI.FH over the rectangle AI.IB; therefore twice the rectangle AI.FH is 
equal to the sum of the rectangles AB.BI and AI.IB, or 2AI.FH=2AI.IB+. Add to 
each side, then 2AI.IB+ +==2AI.FH+AI’?. Again add to each side, then 
AB?*+BF*= = 2AI.FH + + = 2ALFH + +. But =2AH.HF + + and hence 2AI.FH + 
+ = 2AH.HF + +. Subtracting from each side we have 2AI.FH+=2AH.HF+. 
Since now FH is a factor common to both rectangles, it follows that AH is equal 
to AI; for if AH were either greater or smaller than AI, then the two rectangles 
AH.HF plus the square of HA would be either larger or smaller than the two 
rectangles AI.FH plus the square of IA, a result which is contrary to what we 
have just demonstrated. 
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If now we agree to represent the time of descent along AB by the length AB, 
then the time through AC will likewise be measured by AC; and IB, which is a 
mean proportional between AC and CE, will represent the time through CE, or 
XA, from rest at X. Now, since AF is a mean proportional between DA and AB, 
or between RB and AB, and since BF, which is equal to FH, is a mean 
proportional between AB and BD, that is between AB and AR, it follows, from a 
preceding proposition [Proposition XIX, corollary], that the difference AH 
represents the time of descent along AB either from rest at R or after fall from X, 
while the time of descent along AB, from rest at A, is measured by the length 
AB. But as has just been shown, the time of fall through XA is measured by IB, 
while the time of descent along AB, after fall, through RA or through XA, is IA. 
Therefore the time of descent through XA plus AB is measured by the length 
AB, which, of course, also measures the time of descent, from rest at A, along 
AB alone. 

q. e. f. 


Problem XIV, Proposition XXXV 


Given an inclined plane and a limited vertical line, it is required to find a 
distance on the inclined plane which a body, starting from rest, will traverse in 
the same time as that needed to traverse both the vertical and the inclined plane. 

Let AB be the vertical line and BC the inclined plane. It is required to lay off 
on BC a distance which a body, starting from rest, will traverse in a time equal to 
that which is occupied by fall through the vertical AB and by descent of the 
plane. Draw the horizontal line AD, which intersects at E the prolongation of the 
inclined plane CB; lay off BF equal to BA, and about E as center, with EF as 
radius describe the circle FIG. Prolong FE until it intersects the circumference at 
G. Choose a point H such that GB: BF=BH:HF. Draw the line HI tangent to the 
circle at I. At B draw the line BK perpendicular to FC, cutting the line EIL at L; 
also draw LM perpendicular to EL and cutting BC at M. Then, I say, BM is the 
distance which a body, starting from rest at B, will traverse in the same time 
which is required to descend from rest at A through both distances, AB and BM. 
Lay off EN equal to EL; then since GB:BF=BH:HF, we shall have, permutando, 
GB:BH=BF:HF, and, dividendo, GH:RBH=BH:HF. Consequently the rectangle 
GH.HF is equal to the square on BH; but this same rectangle is also equal to the 
square on HI; therefore BH is equal to HI. Since, in the quadrilateral ILBH, the 
sides HB and HI are equal and since the angles at B and I are right angles, it 
follows that the sides BL and LI are also equal: but EI=EF; therefore the total 
length LE, or NE, is equal to the sum of LB and EF. If we subtract the common 
part EF, the remainder FN will be equal to LB: but, by construction, FB=BA 
and, therefore, LB=AB+BN. If again we agree to represent the time of fall 
through AB by the length AB, then the time of descent along EB will be 
measured by EB; moreover since EN is a mean proportional between ME and 
EB it will represent the time of descent along the whole distance EM; therefore 
the difference of these distances, BM, will be traversed, after fall from EB, or 
AB, in a time which is represented by BN. But having already assumed the 
distance AB as a measure of the time of fall through AB, the time of descent 
along AB and BM is measured by AB+BN. Since EB measures the time of fall, 
from rest at E, along EB, the time from rest at B along BM will be the mean 
proportional between BE and BM, namely, BL. The time therefore for the path 
AB+BM, starting from rest at A is AB+BN; but the time for BM alone, starting 
from rest at B, is BL; and since it has already been shown that BL = AB + BN, 
the proposition follows. 

Another and shorter proof is the following: Let BC be the inclined plane and 
BA the vertical; at B draw a perpendicular to EC, extending it both ways; lay off 
BH equal to the excess of BE over BA; make the angle HEL equal to the angle 
BHE; prolong EL until it cuts BK in L; at L draw LM perpendicular to EL and 


extend it till it meets BC in M; then, I say, BM is the portion of BC sought. For, 
since the angle MLE is a right angle, BL will be a mean proportional between 
MB and BE, while LE is a mean proportional between ME and BE; lay off EN 
equal to LE; then NE=EL=LH, and HB=NE-BL. But also HB=NE-(NB+BA); 
therefore BN+BA=BL. If now we assume the length EB as a measure of the time 
of descent along EB, the time of descent, from rest at B, along BM will be 
represented by BL; but, if the descent along BM is from rest at E or at A, then 
the time of descent will be measured by BN; and AB will measure the time 
along AB. Therefore the time required to traverse AB and BM, namely, the sum 
of the distances AB and BN, is equal to the time of descent, from rest at B, along 
BM alone. 
q. e. f. 
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Lemma 


Let DC be drawn perpendicular to the diameter BA; from the extremity B draw 
the line BED at random; draw the line FB. Then, I say, FB is a mean 
proportional between DB and BE. Join the points E and F. Through B, draw the 
tangent BG which will be parallel to CD. Now, since the angle DBG is equal to 
the angle FDB, and since the alternate angle of GBD is equal to EFB, it follows 
that the triangles FDB and FEB are similar and hence BD:BF=FB:BE. 


t 
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Lemma 


Let AC be a line which is longer than DF, and let the ratio of AB to BC be 
greater than that of DE to EF. Then, I say, AB is greater than DE. For, if AB 
bears to BC a ratio greater than that of DE to EF, then DE will bear to some 
length shorter than EF, the same ratio which AB bears to BC. Call this length 
EG; then since AB:BC=DE:EG, it follows, componendo et convertendo, that 
CA:AB=GD:DE. But since CA is greater than GD, it follows that BA is greater 
than DE. 


Lemma 


Let ACIB be the quadrant of a circle; from B draw BE parallel to AC; about any 
point in the line BE describe a circle BOES, touching AB at B and intersecting 
the circumference of the quadrant at I. Join the points C and B; draw the line CI, 
prolonging it to S. Then, I say, the line CI is always less than CO. Draw the line 
AI touching the circle BOE. Then, if the line DI be drawn, it will be equal to 
DB; but, since DB touches the quadrant, DI will also be tangent to it and will be 
at right angles to AI; thus AI touches the circle BOE at I. And since the angle 
AIC is greater than the angle ABC, subtending as it does a larger arc, it follows 
that the angle SIN is also greater than the angle ABC. Wherefore the arc IES is 
greater than the arc BO, and the line CS, being nearer the center, is longer than 
CB. Consequently CO is greater than CI, since SC:CB=OC:CI. 





Fig. r01 
This result would be all the more marked if, as in the second figure, the arc 
BIC were less than a quadrant. For the perpendicular DB would then cut the 
circle CIB; and so also would DI which is equal to BD; the angle DIA would be 


obtuse and therefore the line AIN would cut the circle BIE. Since the angle ABC 
is less than the angle AIC, which is equal to SIN, and still less than the angle 
which the tangent at I would make with the line SI, it follows that the arc SEI is 
far greater than the arc BO; whence, etc. 
q. e.d. 
Theorem XXII, Proposition XXXVI 


If from the lowest point of a vertical circle, a chord is drawn subtending an arc 
not greater than a quadrant, and if from the two ends of this chord two other 
chords be drawn to any point on the arc, the time of descent along the two latter 
chords will be shorter than along the first, and shorter also, by the same amount, 
than along the lower of these two latter chords. 


Scholium 


From the preceding it is possible to infer that the path of quickest descent 
[lationem omnium velocissimam] from one point to another is not the shortest 
path, namely, a straight line, but the arc of a circle.” In the quadrant BAEC, 
having the side BC vertical, divide the arc AC into any number of equal parts, 
AD, DE, EF, FG, GC, and from C draw straight lines to the points A, D, E, F, G; 
draw also the straight lines AD, DE, EF, FG, GC. Evidently descent along the 
path ADC is quicker than along AC alone or along DC from rest at D. But a 
body, starting from rest at A, will traverse DC more quickly than the path ADC; 
while, if it starts from rest at A, it will traverse the path DEC in a shorter time 
than DC alone. Hence descent along the three chords, ADEC, will take less time 
than along the two chords ADC. Similarly, following descent along ADE, the 
time required to traverse EFC is less than that needed for EC alone. Therefore 
descent is more rapid along the four chords ADEFC than along the three ADEC. 
And finally a body, after descent along ADEF, will traverse the two chords, 
FGC, more quickly than FC alone. Therefore, along the five chords, ADEFGC, 
descent will be more rapid than along the four, ADEFC. Consequently the nearer 
the inscribed polygon approaches a circle the shorter is the time required for 
descent from A to C. 


36 Tt is well known that the first correct solution for the problem of quickest descent, under the condition of 
a constant force was given by John Bernoulli (1667-1748). [Trans.] 


Fig. 103 
What has been proven for the quadrant holds true also for smaller arcs; the 
reasoning is the same. 


Problem XV, Proposition XXXVII 


Given a limited vertical line and an inclined plane of equal altitude; it is required 
to find a distance on the inclined plane which is equal to the vertical line and 
which is traversed in an interval equal to the time of fall along the vertical line. 
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Corollary 


From this it is clear that the distance sought is bounded at each end by portions 
of the inclined plane which are traversed in equal times. 


Problem XVI, Proposition XXX VIII 


Given two horizontal planes cut by a vertical line, it is required to find a point on 
the upper part of the vertical line from which bodies may fall to the horizontal 
planes and there, having their motion deflected into a horizontal direction, will, 
during an interval equal to the time of fall, traverse distances which bear to each 
other any assigned ratio of a smaller quantity to a larger. 

Let CD and BE be the horizontal planes cut by the vertical ACB, and let the 
ratio of the smaller quantity to the larger be that of N to FG. It is required to find 
in the upper part of the vertical line, AB, a point from which a body falling to the 
plane CD and there having its motion deflected along this plane, will traverse, 
during an interval equal to its time of fall a distance such that if another body, 
falling from this same point to the plane BE, there have its motion deflected 
along this plane and continued during an interval equal to its time of fall, will 
traverse a distance which bears to the former distance the ratio of FG to N. Lay 
off GH equal to N, and select the point L so that FH: HG=BC:CL. Then, I say, L 
is the point sought. For, if we lay off CM equal to twice CL, and draw the line 
LM cutting the plane BE at O, then BO will be equal to twice BL. And since 
FH:HG=BC:CL, we have, componendo et convertendo, 
HG:GF=N:GF=CL:LB=CM:BO. It is clear that, since CM is double the distance 
LC, the space CM is that which a body falling from L through LC will traverse 
in the plane CD; and, for the same reason, since BO is twice the distance BL, it 
is clear that BO is the distance which a body, after fall through LB, will traverse 
during an interval equal to the time of its fall through LB. 

q. e. f. 
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Sagr. Indeed, I think we may concede to our Academician, without flattery, his 
claim that in the principle [principio, i. e., accelerated motion] laid down in this 
treatise he has established a new science dealing with a very old subject. 
Observing with what ease and clearness he deduces from a single principle the 
proofs of so many theorems, I wonder not a little how such a question escaped 
the attention of Archimedes, Apollonius, Euclid and so many other 
mathematicians and illustrious philosophers, especially since so many ponderous 
tomes have been devoted to the subject of motion. 

There is a fragment of Euclid which treats of motion, but in it there is no 
indication that he ever began to investigate the property of acceleration and the 
manner in which it varies with slope. So that we may say the door is now 
opened, for the first time, to a new method fraught with numerous and wonderful 
results which in future years will command the attention of other minds. 


Sagr. I really believe that just as, for instance, the few properties of the circle 
proven by Euclid in the Third Book of his Elements lead to many others more 
recondite, so the principles which are set forth in this little treatise will, when 
taken up by speculative minds, lead to many another more remarkable result; 
and it is to be believed that it will be so on account of the nobility of the subject, 
which is superior to any other in nature. 

During this long and laborious day, I have enjoyed these simple theorems 
more than their proofs, many of which, for their complete comprehension, would 
require more than an hour each; this study, if you will be good enough to leave 
the book in my hands, is one which I mean to take up at my leisure after we have 
read the remaining portion which deals with the motion of projectiles; and this if 
agreeable to you we shall take up tomorrow. 


Salv. I shall not fail to be with you. 
End of the third day. 


Fourth Day 


SALVIATI. Once more, Simplicio is here on time; so let us without delay take 
up the question of motion. The text of our Author is as follows: 


The Motion of Projectiles 


In the preceding pages we have discussed the properties of uniform motion and 
of motion naturally accelerated along planes of all inclinations. I now propose to 
set forth those properties which belong to a body whose motion is compounded 
of two other motions, namely, one uniform and one naturally accelerated; these 
properties, well worth knowing, I propose to demonstrate in a rigid manner. This 
is the kind of motion seen in a moving projectile; its origin I conceive to be as 
follows: 

Imagine any particle projected along a horizontal plane without friction; then 
we know, from what has been more fully explained in the preceding pages, that 
this particle will move along this same plane with a motion which is uniform and 
perpetual, provided the plane has no limits. But if the plane is limited and 
elevated, then the moving particle, which we imagine to be a heavy one, will on 
passing over the edge of the plane acquire, in addition to its previous uniform 
and perpetual motion, a downward propensity due to its own weight; so that the 
resulting motion which I call projection [projectio], is compounded of one which 
is uniform and horizontal and of another which is vertical and naturally 
accelerated. We now proceed to demonstrate some of its properties, the first of 
which is as follows: 


Theorem I, Proposition I 


A projectile which is carried by a uniform horizontal motion compounded with a 
naturally accelerated vertical motion describes a path which is a semi-parabola. 


Sagr. Here, Salviati, it will be necessary to stop a little while for my sake and, I 
believe, also for the benefit of Simplicio; for it so happens that I have not gone 
very far in my study of Apollonius and am merely aware of the fact that he treats 
of the parabola and other conic sections, without an understanding of which I 
hardly think one will be able to follow the proof of other propositions depending 
upon them. Since even in this first beautiful theorem the author finds it necessary 
to prove that the path of a projectile is a parabola, and since, as I imagine, we 


shall have to deal with only this kind of curves, it will be absolutely necessary to 
have a thorough acquaintance, if not with all the properties which Apollonius 
has demonstrated for these figures, at least with those which are needed for the 
present treatment. 


Salv. You are quite too modest, pretending ignorance of facts which not long ago 
you acknowledged as well known — I mean at the time when we were 
discussing the strength of materials and needed to use a certain theorem of 
Apollonius which gave you no trouble. 


Sagr. I may have chanced to know it or may possibly have assumed it, so long as 
needed, for that discussion; but now when we have to follow all these 
demonstrations about such curves we ought not, as they say, to swallow it whole, 
and thus waste time and energy. 

Simp. Now even though Sagredo is, as I believe, well equipped for all his needs, 
I do not understand even the elementary terms; for although our philosophers 
have treated the motion of projectiles, I do not recall their having described the 
path of a projectile except to state in a general way that it is always a curved line, 
unless the projection be vertically upwards. But if the little Euclid which I have 
learned since our previous discussion does not enable me to understand the 
demonstrations which are to follow, then I shall be obliged to accept the 
theorems on faith without fully comprehending them. 


Salv. On the contrary, I desire that you should understand them from the Author 
himself, who, when he allowed me to see this work of his, was good enough to 
prove for me two of the principal properties of the parabola because I did not 
happen to have at hand the books of Apollonius. These properties, which are the 
only ones we shall need in the present discussion, he proved in such a way that 
no prerequisite knowledge was required. These theorems are, indeed, given by 
Apollonius, but after many preceding ones, to follow which would take a long 
while. I wish to shorten our task by deriving the first property purely and simply 
from the mode of generation of the parabola and proving the second immediately 
from the first. 

Beginning now with the first, imagine a right cone, erected upon the circular 
base ibkc with apex at l. The section of this cone made by a plane drawn parallel 
to the side Ik is the curve which is called a parabola. The base of this parabola 
be cuts at right angles the diameter ik of the circle ibkc, and the axis ad is 
parallel to the side Ik; now having taken any point f in the curve bfa draw the 
straight line fe parallel to bd; then, I say, the square of bd is to the square of fe in 


the same ratio as the axis ad is to the portion ae. Through the point e pass a 
plane parallel to the circle ibkc, producing in the cone a circular section whose 
diameter is the line geh. Since bd is at right angles to ik in the circle ibk, the 
square of bd is equal to the rectangle formed by id and dk; so also in the upper 
circle which passes through the points gfh the square of fe is equal to the 
rectangle formed by ge and eh; hence the square of bd is to the square of fe as 
the rectangle id.dk is to the rectangle ge.eh. And since the line ed is parallel to 
hk, the line eh, being parallel to dk, is equal to it; therefore the rectangle id.dk is 
to the rectangle ge.eh as id is to ge, that is, as da is to ae; whence also the 
rectangle id.dk is to the rectangle ge.eh, that is, the square of bd is to the square 
of fe, as the axis da is to the portion ae. 
q. e.d. 
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The other proposition necessary for this discussion we demonstrate as 
follows. Let us draw a parabola whose axis ca is prolonged upwards to a point d; 
from any point b draw the line bc parallel to the base of the parabola; if now the 


point d is chosen so that da = ca, then, I say, the straight line drawn through the 
points b and d will be tangent to the parabola at b. For imagine, if possible, that 
this line cuts the parabola above or that its prolongation cuts it below, and 
through any point g in it draw the straight line fge. And since the square of fe is 
greater than the square of ge, the square of fe will bear a greater ratio to the 
square of bc than the square of ge to that of bc; and since, by the preceding 
proposition, the square of fe is to that of bc as the line ea is to ca, it follows that 
the line ea will bear to the line ca a greater ratio than the square of ge to that of 
bc, or, than the square of ed to that of cd (the sides of the triangles deg and dcb 
being proportional). But the line ea is to ca, or da, in the same ratio as four times 
the rectangle ea.ad is to four times the square of ad, or, what is the same, the 
square of cd, since this is four times the square of ad; hence four times the 
rectangle ea.ad bears to the square of cd a greater ratio than the square of ed to 
the square of cd; but that would make four times the rectangle ea.ad greater than 
the square of ed; which is false, the fact being just the opposite, because the two 
portions ea and ad of the line ed are not equal. Therefore the line db touches the 
parabola without cutting it. 
q. e. d. 
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Simp. Your demonstration proceeds too rapidly and, it seems to me, you keep on 
assuming that all of Euclid’s theorems are as familiar and available to me as his 
first axioms, which is far from true. And now this fact which you spring upon us, 
that four times the rectangle ea.ad is less than the square of de because the two 
portions ea and ad of the line de are not equal brings me little composure of 
mind, but rather leaves me in suspense. 


Salv. Indeed, all real mathematicians assume on the part of the reader perfect 
familiarity with at least the elements of Euclid; and here it is necessary in your 
case only to recall a proposition of the Second Book in which he proves that 
when a line is cut into equal and also into two unequal parts, the rectangle 
formed on the unequal parts is less than that formed on the equal (i. e., less than 
the square on half the line), by an amount which is the square of the difference 
between the equal and unequal segments. From this it is clear that the square of 
the whole line which is equal to four times the square of the half is greater than 


four times the rectangle of the unequal parts. In order to understand the 
following portions of this treatise it will be necessary to keep in mind the two 
elemental theorems from conic sections which we have just demonstrated; and 
these two theorems are indeed the only ones which the Author uses. We can now 
resume the text and see how he demonstrates his first proposition in which he 
shows that a body falling with a motion compounded of a uniform horizontal 
and a naturally accelerated [naturale descendente] one describes a semi- 
parabola. 

Let us imagine an elevated horizontal line or plane ab along which a body 
moves with uniform speed from a to b. Suppose this plane to end abruptly at b; 
then at this point the body will, on account of its weight, acquire also a natural 
motion downwards along the perpendicular bn. Draw the line be along the plane 
ba to represent the flow, or measure, of time; divide this line into a number of 
segments, bc, cd, de, representing equal intervals of time; from the points b, c, d, 
e, let fall lines which are parallel to the perpendicular bn. On the first of these lay 
off any distance ci, on the second a distance four times as long, df; on the third, 
one nine times as long, eh; and so on, in proportion to the squares of cb, db, eb, 
or, we may Say, in the squared ratio of these same lines. Accordingly we see that 
while the body moves from b to c with uniform speed, it also falls 
perpendicularly through the distance ci, and at the end of the time-interval bc 
finds itself at the point i. In like manner at the end of the time-interval bd, which 
is the double of bc, the vertical fall will be four times the first distance ci; for it 
has been shown in a previous discussion that the distance traversed by a freely 
falling body varies as the square of the time; in like manner the space eh 
traversed during the time be will be nine times ci; thus it is evident that the 
distances eh, df, ci will be to one another as the squares of the lines be, bd, bc. 
Now from the points i, f, h draw the straight lines io, fg, hl parallel to be; these 
lines Al, fg, io are equal to eb, db and cb, respectively; so also are the lines bo, 
bg, bl respectively equal to ci, df, and eh. The square of hl is to that of fg as the 
line 1b is to bg; and the square of fg is to that of io as gb is to bo; therefore the 
points i, f, h, lie on one and the same parabola. In like manner it may be shown 
that, if we take equal time-intervals of any size whatever, and if we imagine the 
particle to be carried by a similar compound motion, the positions of this 
particle, at the ends of these time-intervals, will lie on one and the same 
parabola. 

q. e.d. 





Fig. 108 


Salv. This conclusion follows from the converse of the first of the two 
propositions given above. For, having drawn a parabola through the points b and 
h, any other two points, f and i, not falling on the parabola must lie either within 
or without; consequently the line fg is either longer or shorter than the line which 
terminates on the parabola. Therefore the square of hl will not bear to the square 
of fg the same ratio as the line lb to bg, but a greater or smaller; the fact is, 
however, that the square of hl does bear this same ratio to the square of fg. 
Hence the point f does lie on the parabola, and so do all the others. 


Sagr. One cannot deny that the argument is new, subtle and conclusive, resting 
as it does upon this hypothesis, namely, that the horizontal motion remains 
uniform, that the vertical motion continues to be accelerated downwards in 
proportion to the square of the time, and that such motions and velocities as 
these combine without altering, disturbing, or hindering each other,’’ so that as 
the motion proceeds the path of the projectile does not change into a different 
curve: but this, in my opinion, is impossible. For the axis of the parabola along 
which we imagine the natural motion of a falling body to take place stands 
perpendicular to a horizontal surface and ends at the center of the earth; and 
since the parabola deviates more and more from its axis no projectile can ever 


reach the center of the earth or, if it does, as seems necessary, then the path of 
the projectile must transform itself into some other curve very different from the 
parabola. 


YR very near approach to Newton’s Second Law of Motion. [Trans.] 


Simp. To these difficulties, I may add others. One of these is that we suppose the 
horizontal plane, which slopes neither up nor down, to be represented by a 
straight line as if each point on this line were equally distant from the center, 
which is not the case; for as one starts from the middle [of the line] and goes 
toward either end, he departs farther and farther from the center [of the earth] 
and is therefore constantly going uphill. Whence it follows that the motion 
cannot remain uniform through any distance whatever, but must continually 
diminish. Besides, I do not see how it is possible to avoid the resistance of the 
medium which must destroy the uniformity of the horizontal motion and change 
the law of acceleration of falling bodies. These various difficulties render it 
highly improbable that a result derived from such unreliable hypotheses should 
hold true in practice. 


Salv. All these difficulties and objections which you urge are so well founded 
that it is impossible to remove them; and, as for me, I am ready to admit them 
all, which indeed I think our Author would also do. I grant that these conclusions 
proved in the abstract will be different when applied in the concrete and will be 
fallacious to this extent, that neither will the horizontal motion be uniform nor 
the natural acceleration be in the ratio assumed, nor the path of the projectile a 
parabola, etc. But, on the other hand, I ask you not to begrudge our Author that 
which other eminent men have assumed even if not strictly true. The authority of 
Archimedes alone will satisfy everybody. In his Mechanics and in his first 
quadrature of the parabola he takes for granted that the beam of a balance or 
steelyard is a straight line, every point of which is equidistant from the common 
center of all heavy bodies, and that the cords by which heavy bodies are 
suspended are parallel to each other. 

Some consider this assumption permissible because, in practice, our 
instruments and the distances involved are so small in comparison with the 
enormous distance from the center of the earth that we may consider a minute of 
arc on a great circle as a straight line, and may regard the perpendiculars let fall 
from its two extremities as parallel. For if in actual practice one had to consider 
such small quantities, it would be necessary first of all to criticise the architects 
who presume, by use of a plumbline, to erect high towers with parallel sides. I 


may add that, in all their discussions, Archimedes and the others considered 
themselves as located at an infinite distance from the center of the earth, in 
which case their assumptions were not false, and therefore their conclusions 
were absolutely correct. When we wish to apply our proven conclusions to 
distances which, though finite, are very large, it is necessary for us to infer, on 
the basis of demonstrated truth, what correction is to be made for the fact that 
our distance from the center of the earth is not really infinite, but merely very 
great in comparison with the small dimensions of our apparatus. The largest of 
these will be the range of our projectiles — and even here we need consider only 
the artillery — which, however great, will never exceed four of those miles of 
which as many thousand separate us from the center of the earth; and since these 
paths terminate upon the surface of the earth only very slight changes can take 
place in their parabolic figure which, it is conceded, would be greatly altered if 
they terminated at the center of the earth. 

As to the perturbation arising from the resistance of the medium this is more 
considerable and does not, on account of its manifold forms, submit to fixed 
laws and exact description. Thus if we consider only the resistance which the air 
offers to the motions studied by us, we shall see that it disturbs them all and 
disturbs them in an infinite variety of ways corresponding to the infinite variety 
in the form, weight, and velocity of the projectiles. For as to velocity, the greater 
this is, the greater will be the resistance offered by the air; a resistance which 
will be greater as the moving bodies become less dense [men gravi]. So that 
although the falling body ought to be displaced [andare accelerandosi] in 
proportion to the square of the duration of its motion, yet no matter how heavy 
the body, if it falls from a very considerable height, the resistance of the air will 
be such as to prevent any increase in speed and will render the motion uniform; 
and in proportion as the moving body is less dense [men grave] this uniformity 
will be so much the more quickly attained and after a shorter fall. Even 
horizontal motion which, if no impediment were offered, would be uniform and 
constant is altered by the resistance of the air and finally ceases; and here again 
the less dense [più leggiero] the body the quicker the process. Of these 
properties [accidenti] of weight, of velocity, and also of form [figura], infinite in 
number, it is not possible to give any exact description; hence, in order to handle 
this matter in a scientific way, it is necessary to cut loose from these difficulties; 
and having discovered and demonstrated the theorems, in the case of no 
resistance, to use them and apply them with such limitations as experience will 
teach. And the advantage of this method will not be small; for the material and 
shape of the projectile may be chosen, as dense and round as possible, so that it 


will encounter the least resistance in the medium. Nor will the spaces and 
velocities in general be so great but that we shall be easily able to correct them 
with precision. 

In the case of those projectiles which we use, made of dense [grave] material 
and round in shape, or of lighter material and cylindrical in shape, such as 
arrows, thrown from a sling or crossbow, the deviation from an exact parabolic 
path is quite insensible. Indeed, if you will allow me a little greater liberty, I can 
show you, by two experiments, that the dimensions of our apparatus are so small 
that these external and incidental resistances, among which that of the medium is 
the most considerable, are scarcely observable. 

I now proceed to the consideration of motions through the air, since it is with 
these that we are now especially concerned; the resistance of the air exhibits 
itself in two ways: first by offering greater impedance to less dense than to very 
dense bodies, and secondly by offering greater resistance to a body in rapid 
motion than to the same body in slow motion. 

Regarding the first of these, consider the case of two balls having the same 
dimensions, but one weighing ten or twelve times as much as the other; one, say, 
of lead, the other of oak, both allowed to fall from an elevation of 150 or 200 
cubits. 

Experiment shows that they will reach the earth with slight difference in 
speed, showing us that in both cases the retardation caused by the air is small; 
for if both balls start at the same moment and at the same elevation, and if the 
leaden one be slightly retarded and the wooden one greatly retarded, then the 
former ought to reach the earth a considerable distance in advance of the latter, 
since it is ten times as heavy. But this does not happen; indeed, the gain in 
distance of one over the other does not amount to the hundredth part of the entire 
fall. And in the case of a ball of stone weighing only a third or half as much as 
one of lead, the difference in their times of reaching the earth will be scarcely 
noticeable. Now since the speed [impeto] acquired by a leaden ball in falling 
from a height of 200 cubits is so great that if the motion remained uniform the 
ball would, in an interval of time equal to that of the fall, traverse 400 cubits, and 
since this speed is so considerable in comparison with those which, by use of 
bows or other machines except fire arms, we are able to give to our projectiles, it 
follows that we may, without sensible error, regard as absolutely true those 
propositions which we are about to prove without considering the resistance of 
the medium. 

Passing now to the second case, where we have to show that the resistance of 
the air for a rapidly moving body is not very much greater than for one moving 
slowly, ample proof is given by the following experiment. Attach to two threads 


of equal length — say four or five yards — two equal leaden balls and suspend 
them from the ceiling; now pull them aside from the perpendicular, the one 
through 80 or more degrees, the other through not more than four or five 
degrees; so that, when set free, the one falls, passes through the perpendicular, 
and describes large but slowly decreasing arcs of 160, 150, 140 degrees, etc.; the 
other swinging through small and also slowly diminishing arcs of 10, 8, 6, 
degrees, etc. 

In the first place it must be remarked that one pendulum passes through its 
arcs of 180°, 160°, etc., in the same time that the other swings through its 10°, 
8°, etc., from which it follows that the speed of the first ball is 16 and 18 times 
greater than that of the second. Accordingly, if the air offers more resistance to 
the high speed than to the low, the frequency of vibration in the large arcs of 
180° or 160°, etc., ought to be less than in the small arcs of 10°, 8°, 4°, etc., and 
even less than in arcs of 2°, or 1°; but this prediction is not verified by 
experiment; because if two persons start to count the vibrations, the one the 
large, the other the small, they will discover that after counting tens and even 
hundreds they will not differ by a single vibration, not even by a fraction of one. 


Sagr. On the contrary, since we cannot deny that the air hinders both of these 
motions, both becoming slower and finally vanishing, we have to admit that the 
retardation occurs in the same proportion in each case. But how? How, indeed, 
could the resistance offered to the one body be greater than that offered to the 
other except by the impartation of more momentum and speed [impeto e 
velocita] to the fast body than to the slow? And if this is so the speed with which 
a body moves is at once the cause and measure [cagione e misura] of the 
resistance which it meets. Therefore, all motions, fast or slow, are hindered and 
diminished in the same proportion; a result, it seems to me, of no small 
importance. 


Salv. We are able, therefore, in this second case to say that the errors, neglecting 
those which are accidental, in the results which we are about to demonstrate are 
small in the case of our machines where the velocities employed are mostly very 
great and the distances negligible in comparison with the semidiameter of the 
earth or one of its great circles. 


Simp. I would like to hear your reason for putting the projectiles of fire arms, i. 
e., those using powder, in a different class from the projectiles employed in 
bows, slings, and crossbows, on the ground of their not being equally subject to 
change and resistance from the air. 


Salv. I am led to this view by the excessive and, so to speak, supernatural 
violence with which such projectiles are launched; for, indeed, it appears to me 
that without exaggeration one might say that the speed of a ball fired either from 
a musket or from a piece of ordnance is supernatural. For if such a ball be 
allowed to fall from some great elevation its speed will, owing to the resistance 
of the air, not go on increasing indefinitely; that which happens to bodies of 
small density in falling through short distances — I mean the reduction of their 
motion to uniformity — will also happen to a ball of iron or lead after it has 
fallen a few thousand cubits; this terminal or final speed [terminata velocita] is 
the maximum which such a heavy body can naturally acquire in falling through 
the air. This speed I estimate to be much smaller than that impressed upon the 
ball by the burning powder. 

An appropriate experiment will serve to demonstrate this fact. From a height 
of one hundred or more cubits fire a gun [archibuso] loaded with a lead bullet, 
vertically downwards upon a stone pavement; with the same gun shoot against a 
similar stone from a distance of one or two cubits, and observe which of the two 
balls is the more flattened. Now if the ball which has come from the greater 
elevation is found to be the less flattened of the two, this will show that the air 
has hindered and diminished the speed initially imparted to the bullet by the 
powder, and that the air will not permit a bullet to acquire so great a speed, no 
matter from what height it falls; for if the speed impressed upon the ball by the 
fire does not exceed that acquired by it in falling freely [naturalmente] then its 
downward blow ought to be greater rather than less. 

This experiment I have not performed, but I am of the opinion that a musket- 
ball or cannon-shot, falling from a height as great as you please, will not deliver 
so strong a blow as it would if fired into a wall only a few cubits distant, i. e., at 
such a short range that the splitting or rending of the air will not be sufficient to 
rob the shot of that excess of supernatural violence given it by the powder. 

The enormous momentum [impeto] of these violent shots may cause some 
deformation of the trajectory, making the beginning of the parabola flatter and 
less curved than the end; but, so far as our Author is concerned, this is a matter 
of small consequence in practical operations, the main one of which is the 
preparation of a table of ranges for shots of high elevation, giving the distance 
attained by the ball as a function of the angle of elevation; and since shots of this 
kind are fired from mortars [mortari] using small charges and imparting no 
supernatural momentum [impeto sopranaturale] they follow their prescribed 
paths very exactly. 


But now let us proceed with the discussion in which the Author invites us to 
the study and investigation of the motion of a body [impeto del mobile] when 
that motion is compounded of two others; and first the case in which the two are 
uniform, the one horizontal, the other vertical. 


Theorem II, Proposition II 


When the motion of a body is the resultant of two uniform motions, one 
horizontal, the other perpendicular, the square of the resultant momentum is 
equal to the sum of the squares of the two component momenta.” 


38 Tn the original this theorem reads as follows: 


“Si aliquod mobile duplici motu cquabili moveatur, nempe orizontali et 
perpendiculari, impetus seu momentum lationis ex utroque motu composite erit 
potentia equalis ambobus momentis priorum motuum.” 


For the justification of this translation of the word “potentia” and of the use of 
the adjective “resultant” see p. 266 below. [Trans. ] 


Let us imagine any body urged by two uniform motions and let ab represent 
the vertical displacement, while bc represents the displacement which, in the 
same interval of time, takes place in a horizontal direction. If then the distances 
ab and bc are traversed, during the same time-interval, with uniform motions the 
corresponding momenta will be to each other as the distances ab and bc are to 
each other; but the body which is urged by these two motions describes the 
diagonal ac; its momentum is proportional to ac. Also the square of ac is equal 
to the sum of the squares of ab and bc. Hence the square of the resultant 
momentum is equal to the sum of the squares of the two momenta ab and bc. 

q. e.d. 
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Simp. At this point there is just one slight difficulty which needs to be cleared 
up; for it seems to me that the conclusion just reached contradicts a previous 
proposition”? in which it is claimed that the speed [impeto] of a body coming 
from a to b is equal to that in coming from a to c; while now you conclude that 
the speed [impeto] at c is greater than that at b. 


39 See p. 169 above. [Trans.] 


Salv. Both propositions, Simplicio, are true, yet there is a great difference 
between them. Here we are speaking of a body urged by a single motion which 
is the resultant of two uniform motions, while there we were speaking of two 
bodies each urged with naturally accelerated motions, one along the vertical ab 
the other along the inclined plane ac. Besides the time-intervals were there not 
supposed to be equal, that along the incline ac being greater than that along the 
vertical ab; but the motions of which we now speak, those along ab, bc, ac, are 
uniform and simultaneous. 


Simp. Pardon me; I am satisfied; pray go on. 

Our Author next undertakes to explain what happens when a body is urged by 
a motion compounded of one which is horizontal and uniform and of another 
which is vertical but naturally accelerated; from these two components results 
the path of a projectile, which is a parabola. The problem is to determine the 
speed [impeto] of the projectile at each point. With this purpose in view our 
Author sets forth as follows the manner, or rather the method, of measuring such 


speed [impeto] along the path which is taken by a heavy body starting from rest 
and falling with a naturally accelerated motion. 
Theorem III, Proposition HI 


Let the motion take place along the line ab, starting from rest at a, and in this 
line choose any point c. Let ac represent the time, or the measure of the time, 
required for the body to fall through the space ac; let ac also represent the 
velocity [impetus seu momentum] at c acquired by a fall through the distance ac. 
In the line ab select any other point b. The problem now is to determine the 
velocity at b acquired by a body in falling through the distance ab and to express 
this in terms of the velocity at c, the measure of which is the length ac. Take as a 
mean proportional between ac and ab. We shall prove that the velocity at b is to 
that at c as the length as is to the length ac. Draw the horizontal line cd, having 
twice the length of ac, and be, having twice the length of ba. It then follows, 
from the preceding theorems, that a body falling through the distance ac, and 
turned so as to move along the horizontal cd with a uniform speed equal to that 
acquired on reaching c will traverse the distance cd in the same interval of time 
as that required to fall with accelerated motion from a to c. Likewise be will be 
traversed in the same time as ba. But the time of descent through ab is as; hence 
the horizontal distance be is also traversed in the time as. Take a point l such that 
the time as is to the time ac as be is to bl; since the motion along be is uniform, 
the distance bl, if traversed with the speed [momentum celeritatis] acquired at b, 
will occupy the time ac; but in this same time-interval, ac, the distance cd is 
traversed with the speed acquired in c. Now two speeds are to each other as the 
distances traversed in equal intervals of time. Hence the speed at c is to the speed 
at b as cd is to bl. But since dc is to be as their halves, namely, as ca is to ba, and 
since be is to bl as ba is to sa; it follows that dc is to bl as ca is to sa. In other 
words, the speed at c is to that at b as ca is to sa, that is, as the time of fall 
through ab. 
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The method of measuring the speed of a body along the direction of its fall is 
thus clear; the speed is assumed to increase directly as the time. 

But before we proceed further, since this discussion is to deal with the motion 
compounded of a uniform horizontal one and one accelerated vertically 
downwards — the path of a projectile, namely, a parabola — it is necessary that 
we define some common standard by which we may estimate the velocity, or 
momentum [velocitatem, impetum seu momentum] of both motions; and since 
from the innumerable uniform velocities one only, and that not selected at 
random, is to be compounded with a velocity acquired by naturally accelerated 
motion, I can think of no simpler way of selecting and measuring this than to 
assume another of the same kind.*° For the sake of clearness, draw the vertical 
line ac to meet the horizontal line bc. Ac is the height and bc the amplitude of the 
semi-parabola ab, which is the resultant of the two motions, one that of a body 
falling from rest at a, through the distance ac, with naturally accelerated motion, 
the other a uniform motion along the horizontal ad. The speed acquired at c by a 
fall through the distance ac is determined by the height ac; for the speed of a 
body falling from the same elevation is always one and the same; but along the 
horizontal one may give a body an infinite number of uniform speeds. However, 
in order that I may select one out of this multitude and separate it from the rest in 
a perfectly definite manner, I will extend the height ca upwards to e just as far as 
is necessary and will call this distance ae the “sublimity.” Imagine a body to fall 
from rest at e; it is clear that we may make its terminal speed at a the same as 


that with which the same body travels along the horizontal line ad; this speed 
will be such that, in the time of descent along ea, it will describe a horizontal 
distance twice the length of ea. This preliminary remark seems necessary. 


4° Galileo here proposes to employ as a standard of velocity the terminal speed of a body falling freely from 
a given height. [Trans.] 


Q 
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The reader is reminded that above I have called the horizontal line cb the 
“amplitude” of the semi-parabola ab; the axis ac of this parabola, I have called 
its “altitude”; but the line ea the fall along which determines the horizontal speed 


I have called the “sublimity.” These matters having been explained, I proceed 
with the demonstration. 


Sagr. Allow me, please, to interrupt in order that I may point out the beautiful 
agreement between this thought of the Author and the views of Plato concerning 
the origin of the various uniform speeds with which the heavenly bodies revolve. 


The latter chanced upon the idea that a body could not pass from rest to any 
given speed and maintain it uniformly except by passing through all the degrees 
of speed intermediate between the given speed and rest. Plato thought that God, 
after having created the heavenly bodies, assigned them the proper and uniform 
speeds with which they were forever to revolve; and that He made them start 
from rest and move over definite distances under a natural and rectilinear 
acceleration such as governs the motion of terrestrial bodies. He added that once 
these bodies had gained their proper and permanent speed, their rectilinear 
motion was converted into a circular one, the only motion capable of 
maintaining uniformity, a motion in which the body revolves without either 
receding from or approaching its desired goal. This conception is truly worthy of 
Plato; and it is to be all the more highly prized since its underlying principles 
remained hidden until discovered by our Author who removed from them the 
mask and poetical dress and set forth the idea in correct historical perspective. In 
view of the fact that astronomical science furnishes us such complete 
information concerning the size of the planetary orbits, the distances of these 
bodies from their centers of revolution, and their velocities, I cannot help 
thinking that our Author (to whom this idea of Plato was not unknown) had 
some curiosity to discover whether or not a definite “sublimity” might be 
assigned to each planet, such that, if it were to start from rest at this particular 
height and to fall with naturally accelerated motion along a straight line, and 
were later to change the speed thus acquired into uniform motion, the size of its 
orbit and its period of revolution would be those actually observed. 


Salv. I think I remember his having told me that he once made the computation 
and found a satisfactory correspondence with observation. But he did not wish to 
speak of it, lest in view of the odium which his many new discoveries had 
already brought upon him, this might be adding fuel to the fire. But if any one 
desires such information he can obtain it for himself from the theory set forth in 
the present treatment. 

We now proceed with the matter in hand, which is to prove: 


Problem I, Proposition IV 


To determine the momentum of a projectile at each particular point in its given 
parabolic path. 

Let bec be the semi-parabola whose amplitude is cd and whose height is db, 
which latter extended upwards cuts the tangent of the parabola ca in a. Through 
the vertex draw the horizontal line bi parallel to cd. Now if the amplitude cd is 


equal to the entire height da, then bi will be equal to ba and also to bd; and if we 
take ab as the measure of the time required for fall through the distance ab and 
also of the momentum acquired at b in consequence of its fall from rest at a, then 
if. we turn into a horizontal direction the momentum acquired by fall through ab 
[impetum ab] the space traversed in the same interval of time will be represented 
by dc which is twice bi. But a body which falls from rest at b along the line bd 
will during the same time-interval fall through the height of the parabola bd. 
Hence a body falling from rest at a, turned into a horizontal direction with the 
speed ab will traverse a space equal to dc. Now if one superposes upon this 
motion a fall along bd, traversing the height bd while the parabola bc is 
described, then the momentum of the body at the terminal point c is the resultant 
of a uniform horizontal momentum, whose value is represented by ab, and of 
another momentum acquired by fall from b to the terminal point d or c; these 
two momenta are equal. If, therefore, we take ab to be the measure of one of 
these momenta, say, the uniform horizontal one, then bi, which is equal to bd, 
will represent the momentum acquired at d or c; and ia will represent the 
resultant of these two momenta, that is, the total momentum with which the 
projectile, travelling along the parabola, strikes at c. 

With this in mind let us take any point on the parabola, say e, and determine 
the momentum with which the projectile passes that point. Draw the horizontal 
ef and take bg a mean proportional between bd and bf. Now since ab, or bd, is 
assumed to be the measure of the time and of the momentum [momentum 
velocitatis] acquired by falling from rest at b through the distance bd, it follows 
that bg will measure the time and also the momentum [impetus] acquired at f by 
fall from b. If therefore we lay off bo, equal to bg, the diagonal line joining a and 
o will represent the momentum at the point e; because the length ab has been 
assumed to represent the momentum at b which, after diversion into a horizontal 
direction, remains constant; and because bo measures the momentum at f or e, 
acquired by fall, from rest at b, through the height bf. But the square of ao equals 
the sum of the squares of ab and bo. Hence the theorem sought. 
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Sagr. The manner in which you compound these different momenta to obtain 
their resultant strikes me as so novel that my mind is left in no small confusion. I 
do not refer to the composition of two uniform motions, even when unequal, and 
when one takes place along a horizontal, the other along a vertical direction; 
because in this case I am thoroughly convinced that the resultant is a motion 
whose square is equal to the sum of the squares of the two components. The 
confusion arises when one undertakes to compound a uniform horizontal motion 
with a vertical one which is naturally accelerated. I trust, therefore, we may 
pursue this discussion more at length. 

And I need this even more than you since I am not yet as clear in my mind as 
I ought to be concerning those fundamental propositions upon which the others 
rest. Even in the case of the two uniform motions, one horizontal, the other 
perpendicular, I wish to understand better the manner in which you obtain the 
resultant from the components. Now, Salviati, you understand what we need and 
what we desire. 


Salv. Your request is altogether reasonable and I will see whether my long 
consideration of these matters will enable me to make them clear to you. But you 
must excuse me if in the explanation I repeat many things already said by the 
Author. 

Concerning motions and their velocities or momenta [movimenti e lor 
velocita o impeti] whether uniform or naturally accelerated, one cannot speak 
definitely until he has established a measure for such velocities and also for time. 
As for time we have the already widely adopted hours, first minutes and second 
minutes. So for velocities, just as for intervals of time, there is need of a 
common standard which shall be understood and accepted by everyone, and 
which shall be the same for all. As has already been stated, the Author considers 
the velocity of a freely falling body adapted to this purpose, since this velocity 
increases according to the same law in all parts of the world; thus for instance 
the speed acquired by a leaden ball of a pound weight starting from rest and 
falling vertically through the height of, say, a spear’s length is the same in all 
places; it is therefore excellently adapted for representing the momentum 
[impeto] acquired in the case of natural fall. 

It still remains for us to discover a method of measuring momentum in the 
case of uniform motion in such a way that all who discuss the subject will form 
the same conception of its size and velocity [grandezza e velocita]. This will 
prevent one person from imagining it larger, another smaller, than it really is; so 
that in the composition of a given uniform motion with one which is accelerated 
different men may not obtain different values for the resultant. In order to 
determine and represent such a momentum and particular speed [impeto e 
velocita particolare] our Author has found no better method than to use the 
momentum acquired by a body in naturally accelerated motion. The speed of a 
body which has in this manner acquired any momentum whatever will, when 
converted into uniform motion, retain precisely such a speed as, during a time- 
interval equal to that of the fall, will carry the body through a distance equal to 
twice that of the fall. But since this matter is one which is fundamental in our 
discussion it is well that we make it perfectly clear by means of some particular 
example. 

Let us consider the speed and momentum acquired by a body falling through 
the height, say, of a spear [picca] as a standard which we may use in the 
measurement of other speeds and momenta as occasion demands; assume for 
instance that the time of such a fall is four seconds [minuti secondi d’ora]; now 
in order to measure the speed acquired from a fall through any other height, 
whether greater or less, one must not conclude that these speeds bear to one 


another the same ratio as the heights of fall; for instance, it is not true that a fall 
through four times a given height confers a speed four times as great as that 
acquired by descent through the given height; because the speed of a naturally 
accelerated motion does not vary in proportion to the time. As has been shown 
above, the ratio of the spaces is equal to the square of the ratio of the times. 

If, then, as is often done for the sake of brevity, we take the same limited 
straight line as the measure of the speed, and of the time, and also of the space 
traversed during that time, it follows that the duration of fall and the speed 
acquired by the same body in passing over any other distance, is not represented 
by this second distance, but by a mean proportional between the two distances. 
This I can better illustrate by an example. In the vertical line ac, lay off the 
portion ab to represent the distance traversed by a body falling freely with 
accelerated motion: the time of fall may be represented by any limited straight 
line, but for the sake of brevity, we shall represent it by the same length ab; this 
length may also be employed as a measure of the momentum and speed acquired 
during the motion; in short, let ab be a measure of the various physical quantities 
which enter this discussion. 


‘a, 


mS 
Fig. 113 


Having agreed arbitrarily upon ab as a measure of these three different 
quantities, namely, space, time, and momentum, our next task is to find the time 
required for fall through a given vertical distance ac, also the momentum 
acquired at the terminal point c, both of which are to be expressed in terms of the 
time and momentum represented by ab. These two required quantities are 
obtained by laying off ad, a mean proportional between ab and ac; in other 
words, the time of fall from a to c is represented by ad on the same scale on 
which we agreed that the time of fall from a to b should be represented by ab. In 
like manner we may say that the momentum [impeto o grado di velocità] 
acquired at c is related to that acquired at b, in the same manner that the line ad 
is related to ab, since the velocity varies directly as the time, a conclusion, which 
although employed as a postulate in Proposition III, is here amplified by the 
Author. 

This point being clear and well-established we pass to the consideration of the 
momentum [impeto] in the case of two compound motions, one of which is 


compounded of a uniform horizontal and a uniform vertical motion, while the 
other is compounded of a uniform horizontal and a naturally accelerated vertical 
motion. If both components are uniform, and one at right angles to the other, we 
have already seen that the square of the resultant is obtained by adding the 
squares of the components [p. 257] as will be clear from the following 
illustration. 

Let us imagine a body to move along the vertical ab with a uniform 
momentum [impeto] of 3, and on reaching b to move toward c with a momentum 
[velocita ed impeto] of 4, so that during the same time-interval it will traverse 3 
cubits along the vertical and 4 along the horizontal. But a particle which moves 
with the resultant velocity [velocita] will, in the same time, traverse the diagonal 
ac, whose length is not 7 cubits — the sum of ab (3) and bc (4) — but 5, which 
is in potenza equal to the sum of 3 and 4, that is, the squares of 3 and 4 when 
added make 25, which is the square of ac, and is equal to the sum of the squares 
of ab and bc. Hence ac is represented by the side — or we may say the root — 
of a square whose area is 25, namely 5. 

a 


€ b 
Fig. 114 


As a fixed and certain rule for obtaining the momentum which results from 
two uniform momenta, one vertical, the other horizontal, we have therefore the 
following: take the square of each, add these together, and extract the square root 
of the sum, which will be the momentum resulting from the two. Thus, in the 
above example, the body which in virtue of its vertical motion would strike the 
horizontal plane with a momentum [forza] of 3, would owing to its horizontal 


motion alone strike at c with a momentum of 4; but if the body strikes with a 
momentum which is the resultant of these two, its blow will be that of a body 
moving with a momentum [velocità e forza] of 5; and such a blow will be the 
same at all points of the diagonal ac, since its components are always the same 
and never increase or diminish. 

Let us now pass to the consideration of a uniform horizontal motion 
compounded with the vertical motion of a freely falling body starting from rest. 
It is at once clear that the diagonal which represents the motion compounded of 
these two is not a straight line, but, as has been demonstrated, a semi-parabola, 
in which the momentum [impeto] is always increasing because the speed 
[velocita] of the vertical component is always increasing. Wherefore, to 
determine the momentum [impeto] at any given point in the parabolic diagonal, 
it is necessary first to fix upon the uniform horizontal momentum [impeto] and 
then, treating the body as one falling freely, to find the vertical momentum at the 
given point; this latter can be determined only by taking into account the 
duration of fall, a consideration which does not enter into the composition of two 
uniform motions where the velocities and momenta are always the same; but 
here where one of the component motions has an initial value of zero and 
increases its speed [velocità] in direct proportion to the time, it follows that the 
time must determine the speed [velocita] at the assigned point. It only remains to 
obtain the momentum resulting from these two components (as in the case of 
uniform motions) by placing the square of the resultant equal to the sum of the 
squares of the two components. But here again it is better to illustrate by means 
of an example. 

On the vertical ac lay off any portion ab which we shall employ as a measure 
of the space traversed by a body falling freely along the perpendicular, likewise 
as a measure of the time and also of the speed [grado di velocita] or, we may 
say, of the momenta [impeti]. It is at once clear that if the momentum of a body 
at b, after having fallen from rest at a, be diverted along the horizontal direction 
bd, with uniform motion, its speed will be such that, during the time-interval ab, 
it will traverse a distance which is represented by the line bd and which is twice 
as great as ab. Now choose a point c, such that bc shall be equal to ab, and 
through c draw the line ce equal and parallel to bd; through the points b and e 
draw the parabola bei. And since, during the time-interval ab, the horizontal 
distance bd or ce, double the length ab, is traversed with the momentum ab, and 
since during an equal time-interval the vertical distance bc is traversed, the body 
acquiring at c a momentum represented by the same horizontal, bd, it follows 
that during the time ab the body will pass from b to e along the parabola be, and 


will reach e with a momentum compounded of two momenta each equal to ab. 
And since one of these is horizontal and the other vertical, the square of the 
resultant momentum is equal to the sum of the squares of these two components, 
i. e., equal to twice either one of them. 
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Therefore, if we lay off the distance bf, equal to ba, and draw the diagonal af, 
it follows that the momentum [impeto e percossa] at e will exceed that of a body 
at b after having fallen from a, or what is the same thing, will exceed the 
horizontal momentum [percossa dell’impeto] along bd, in the ratio of af to ab. 

Suppose now we choose for the height of fall a distance bo which is not equal 
to but greater than ab, and suppose that bg represents a mean proportional 
between ba and bo; then, still retaining ba as a measure of the distance fallen 
through, from rest at a, to b, also as a measure of the time and of the momentum 
which the falling body acquires at b, it follows that bg will be the measure of the 
time and also of the momentum which the body acquires in falling from b to o. 
Likewise just as the momentum ab during the time ab carried the body a 


distance along the horizontal equal to twice ab, so now, during the time-interval 
bg, the body will be carried in a horizontal direction through a distance which is 
greater in the ratio of bg to ba. Lay off Ib equal to bg and draw the diagonal al, 
from which we have a quantity compounded of two velocities [impeti] one 
horizontal, the other vertical; these determine the parabola. The horizontal and 
uniform velocity is that acquired at b in falling from a; the other is that acquired 
at o, or, we may Say, at i, by a body falling through the distance bo, during a 
time measured by the line bg, which line bg also represents the momentum of 
the body. And in like manner we may, by taking a mean proportional between 
the two heights, determine the momentum [impeto] at the extreme end of the 
parabola where the height is less than the sublimity ab; this mean proportional is 
to be drawn along the horizontal in place of bf, and also another diagonal in 
place of af, which diagonal will represent the momentum at the extreme end of 
the parabola. 

To what has hitherto been said concerning the momenta, blows or shocks of 
projectiles, we must add another very important consideration; to determine the 
force and energy of the shock [forza ed energia della percossa] it is not 
sufficient to consider only the speed of the projectiles, but we must also take into 
account the nature and condition of the target which, in no small degree, 
determines the efficiency of the blow. First of all it is well known that the target 
suffers violence from the speed [velocita] of the projectile in proportion as it 
partly or entirely stops the motion; because if the blow falls upon an object 
which yields to the impulse [velocità del percuziente] without resistance such a 
blow will be of no effect; likewise when one attacks his enemy with a spear and 
overtakes him at an instant when he is fleeing with equal speed there will be no 
blow but merely a harmless touch. But if the shock falls upon an object which 
yields only in part then the blow will not have its full effect, but the damage will 
be in proportion to the excess of the speed of the projectile over that of the 
receding body; thus, for example, if the shot reaches the target with a speed of 
10 while the latter recedes with a speed of 4, the momentum and shock [impeto e 
percossa] will be represented by 6. Finally the blow will be a maximum, in so 
far as the projectile is concerned, when the target does not recede at all but if 
possible completely resists and stops the motion of the projectile. I have said in 
so far as the projectile is concerned because if the target should approach the 
projectile the shock of collision [colpo e l'incontro] would be greater in 
proportion as the sum of the two speeds is greater than that of the projectile 
alone. 


Moreover it is to be observed that the amount of yielding in the target 
depends not only upon the quality of the material, as regards hardness, whether it 
be of iron, lead, wool, etc., but also upon its position. If the position is such that 
the shot strikes it at right angles, the momentum imparted by the blow [impeto 
del colpo] will be a maximum; but if the motion be oblique, that is to say 
slanting, the blow will be weaker; and more and more so in proportion to the 
obliquity; for, no matter how hard the material of the target thus situated, the 
entire momentum [impeto e moto] of the shot will not be spent and stopped; the 
projectile will slide by and will, to some extent, continue its motion along the 
surface of the opposing body. 

All that has been said above concerning the amount of momentum in the 
projectile at the extremity of the parabola must be understood to refer to a blow 
received on a line at right angles to this parabola or along the tangent to the 
parabola at the given point; for, even though the motion has two components, 
one horizontal, the other vertical, neither will the momentum along the 
horizontal nor that upon a plane perpendicular to the horizontal be a maximum, 
since each of these will be received obliquely. 


Sagr. Your having mentioned these blows and shocks recalls to my mind a 
problem, or rather a question, in mechanics of which no author has given a 
solution or said anything which diminishes my astonishment or even partly 
relieves my mind. 

My difficulty and surprise consist in not being able to see whence and upon 
what principle is derived the energy and immense force [energia e forza 
immensa] which makes its appearance in a blow; for instance we see the simple 
blow of a hammer, weighing not more than 8 or 10 lbs., overcoming resistances 
which, without a blow, would not yield to the weight of a body producing 
impetus by pressure alone, even though that body weighed many hundreds of 
pounds. I would like to discover a method of measuring the force [forza] of such 
a percussion. I can hardly think it infinite, but incline rather to the view that it 
has its limit and can be counterbalanced and measured by other forces, such as 
weights, or by levers or screws or other mechanical instruments which are used 
to multiply forces in a manner which I satisfactorily understand. 


Salv. You are not alone in your surprise at this effect or in obscurity as to the 
cause of this remarkable property. I studied this matter myself for a while in 
vain; but my confusion merely increased until finally meeting our Academician I 
received from him great consolation. First he told me that he also had for a long 
time been groping in the dark; but later he said that, after having spent some 


thousands of hours in speculating and contemplating thereon, he had arrived at 
some notions which are far removed from our earlier ideas and which are 
remarkable for their novelty. And since now I know that you would gladly hear 
what these novel ideas are I shall not wait for you to ask but promise that, as 
soon as our discussion of projectiles is completed, I will explain all these 
fantasies, or if you please, vagaries, as far as I can recall them from the words of 
our Academician. In the meantime we proceed with the propositions of the 
author. 


Proposition V, Problem 


Having given a parabola, find the point, in its axis extended upwards, from 
which a particle must fall in order to describe this same parabola. 


Í 
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Corollary 


Hence it follows that half the base, or amplitude, of the semi-parabola (which is 
one-quarter of the entire amplitude) is a mean proportional between its altitude 
and the sublimity from which a falling body will describe this same parabola. 


Proposition VI, Problem 


Given the sublimity and the altitude of a parabola, to find its amplitude. 

Let the line ac, in which lie the given altitude cb and sublimity ab, be 
perpendicular to the horizontal line cd. The problem is to find the amplitude, 
along the horizontal cd, of the semi-parabola which is described with the 
sublimity ba and altitude bc. Lay off cd equal to twice the mean proportional 
between cb and ba. Then cd will be the amplitude sought, as is evident from the 
preceding proposition. 

a 
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Theoremposition. Pro VII 


If projectiles describe semi-parabolas of the same amplitude, the momentum 
required to describe that one whose amplitude is double its altitude is less than 
that required for any other. 

Let gm be a mean proportional between ab and gl; then gm will [Prop. IV] 
represent the time and momentum acquired at g by a fall from l; for ab has been 
assumed as a measure of both time and momentum. Again let gn be a mean 
proportional between bc and cg; it will then represent the time and momentum 
which the body acquires at c in falling from g. If now we join m and n, this line 
mn will represent the momentum at d of the projectile traversing the parabola 
dg; which momentum is, I say, greater than that of the projectile travelling along 
the parabola bd whose measure was given by ae. For since gn has been taken as 
a mean proportional between bc and gc; and since bc is equal to be and also to 
kg (each of them being the half of dc) it follows that cg:gn=gn:gk, and as cg or 
(hg) is to gk so is to to: but by construction hg:gk=gk:gl. Hence :=gk:gl. But 
gk:gl=:, since gm is a mean proportional between kg and gl. Therefore the three 
squares ng, kg, mg form a continued proportion, :=: And the sum of the two 
extremes which is equal to the square of mn is greater than twice the square of 
gk; but the square of ae is double the square of gk. Hence the square of mn is 
greater than the square of ae and the length mn is greater than the length ae. 

q. e. d. 


Corollary 


The force of rigid demonstrations such as occur only in mathematics fills me 
with wonder and delight. From accounts given by gunners, I was already aware 
of the fact that in the use of cannon and mortars, the maximum range, that is the 
one in which the shot goes farthest, is obtained when the elevation is 45° or, as 
they say, at the sixth point of the quadrant; but to understand why this happens 
far outweighs the mere information obtained by the testimony of others or even 
by repeated experiment. 


Salv. What you say is very true. The knowledge of a single fact acquired through 
a discovery of its causes prepares the mind to understand and ascertain other 
facts without need of recourse to experiment, precisely as in the present case, 
where by argumentation alone the Author proves with certainty that the 
maximum range occurs when the elevation is 45°. He thus demonstrates what 
has perhaps never been observed in experience, namely, that of other shots those 
which exceed or fall short of 45° by equal amounts have equal ranges; so that if 
the balls have been fired one at an elevation of 7 points, the other at 5, they will 
strike the level at the same distance: the same is true if the shots are fired at 8 
and at 4 points, at 9 and at 3, etc. Now let us hear the demonstration of this. 


Theorem. Proposition VIII 


The amplitudes of two parabolas described by projectiles fired with the same 
speed, but at angles of elevation which exceed and fall short of 45° by equal 
amounts, are equal to each other. 

In the triangle mcb let the horizontal side bc and the vertical cm, which form 
a right angle at c, be equal to each other; then the angle mbc will be a semi-right 
angle; let the line cm be prolonged to d, such a point that the two angles at b, 
namely mbe and mbd, one above and the other below the diagonal mb, shall be 
equal. It is now to be proved that in the case of two parabolas described by two 
projectiles fired from b with the same speed, one at the angle of ebc, the other at 
the angle of dbc, their amplitudes will be equal. Now since the external angle 
bmc is equal to the sum of the internal angles mdb and dbm we may also equate 
to them the angle mbc; but if we replace the angle dbm by mbe, then this same 
angle mbc is equal to the two mbe and bdc: and if we subtract from each side of 
this equation the angle mbe, we have the remainder bdc equal to the remainder 
ebc. Hence the two triangles dcb and bce are similar. Bisect the straight lines dc 


and ec in the points h and f: and draw the lines hi and fg parallel to the horizontal 
cb, and choose | such that dh:hi=ih:hl. Then the triangle ihl will be similar to ihd, 
and also to the triangle egf; and since ih and gf are equal, each being half of bc, 
it follows that hl is equal to fe and also to fc; and if we add to each of these the 
common part fh, it will be seen that ch is equal to fl. 
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Let us now imagine a parabola described through the points h and b whose 
altitude is hc and sublimity hl. Its amplitude will be cb which is double the 
length hi since hi is a mean proportional between dh (or ch) and hl. The line db 
is tangent to the parabola at b, since ch is equal to hd. If again we imagine a 
parabola described through the points f and b, with a sublimity fl and altitude fc, 
of which the mean proportional is fg, or one-half of cb, then, as before, will cb 
be the amplitude and the line eb a tangent at b; for ef and fc are equal. 

The amplitudes of two parabolas are equal when their altitudes and 
sublimities are inversely proportional. 


Lemma for the following Proposition 


If a straight line be cut at any point whatever and mean proportionals between 
this line and each of its parts be taken, the sum of the squares of these mean 
proportionals is equal to the square of the entire line. 

Let the line ab be cut at c. Then I say that the square of the mean proportional 
between ab and ac plus the square of the mean proportional between ab and cb 
is equal to the square of the whole line ab. This is evident as soon as we describe 
a semicircle upon the entire line ab, erect a perpendicular cd at c, and draw da 
and db. For da is a mean proportional between ab and ac while db is a mean 
proportional between ab and bc: and since the angle adb, inscribed in a 
semicircle, is a right angle the sum of the squares of the lines da and db is equal 
to the square of the entire line ab. Hence follows the proposition. 
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Theorem. Proposition X 


The momentum [impetus seu momentum] acquired by a particle at the terminal 
point of any semi-parabola is equal to that which it would acquire in falling 
through a vertical distance equal to the sum of the sublimity and the altitude of 
the semi-parabola.*! 


41 In modern mechanics this well-known theorem assumes the following form: The speed of a projectile at 
any point is that produced by a fall from the directrix. [Trans.] 


And since dc has been cut at some point a and since cf and ce are mean 
proportionals between the whole of cd and its parts, da and ac, it follows, from 
the preceding lemma, that the sum of the squares of these mean proportionals is 
equal to the square of the whole: but the square of ef is also equal to the sum of 
these same squares; whence it follows that the line ef is equal to dc. 

Accordingly the momentum acquired at c by a particle in falling from d is the 
same as that acquired at b by a particle traversing the parabola ab. 

q. e.d. 


Corollary 


Hence it follows that, in the case of all parabolas where the sum of the sublimity 
and altitude is a constant, the momentum at the terminal point is a constant. 


Problem. Proposition XI 


Given the amplitude and the speed [impetus] at the terminal point of a semi- 
parabola, to find its altitude. 

Let the given speed be represented by the vertical line ab, and the amplitude 
by the horizontal line bc; it is required to find the sublimity of the semi-parabola 
whose terminal speed is ab and amplitude bc. From what precedes [Cor. Prop. 
V] it is clear that half the amplitude bc is a mean proportional between the 
altitude and sublimity of the parabola of which the terminal speed is equal, in 
accordance with the preceding proposition, to the speed acquired by a body in 
falling from rest at a through the distance ab. Therefore the line ba must be cut 
at a point such that the rectangle formed by its two parts will be equal to the 
square of half bc, namely bd. Necessarily, therefore, bd must not exceed the half 
of ba; for of all the rectangles formed by parts of a straight line the one of 
greatest area is obtained when the line is divided into two equal parts. Let e be 
the middle point of the line ab; and now if bd be equal to be the problem is 
solved; for be will be the altitude and ea the sublimity of the parabola. 
(Incidentally we may observe a consequence already demonstrated, namely: of 
all parabolas described with any given terminal speed that for which the 
elevation is 45° will have the maximum amplitude.) 
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But suppose that bd is less than half of ba which is to be divided in such a 
way that the rectangle upon its parts may be equal to the square of bd. Upon ea 
as diameter describe a semicircle efa, in which draw the chord af, equal to bd: 
join fe and lay off the distance eg equal to fe. Then the rectangle bg.ga plus the 
square of eg will be equal to the square of ea, and hence also to the sum of the 
squares of af and fe. If now we subtract the equal squares of fe and ge there 
remains the rectangle bg.ga equal to the square of af, that is, of bd, a line which 
is a mean proportional between bg and ga; from which it is evident that the 
semi-parabola whose amplitude is bc and whose terminal speed [impetus] is 
represented by ba has an altitude bg and a sublimity ga. 

If however we lay off bi equal to ga, then bi will be the altitude of the semi- 
parabola ic, and ia will be its sublimity. From the preceding demonstration we 
are able to solve the following problem. 


Problem. Proposition XII 


To compute and tabulate the amplitudes of all semi-parabolas which are 
described by projectiles fired with the same initial speed [impetus]. 

From the foregoing it follows that, whenever the sum of the altitude and 
sublimity is a constant vertical height for any set of parabolas, these parabolas 
are described by projectiles having the same initial speed; all vertical heights 
thus obtained are therefore included between two parallel horizontal lines. Let cb 
represent a horizontal line and ab a vertical line of equal length; draw the 
diagonal ac; the angle acb will be one of 45°; let d be the middle point of the 
vertical line ab. Then the semi-parabola dc is the one which is determined by the 
sublimity ad and the altitude db, while its terminal speed at c is that which would 
be acquired at b by a particle falling from rest at a. If now ag be drawn parallel 
to bc, the sum of the altitude and sublimity for any other semi-parabola having 
the same terminal speed will, in the manner explained, be equal to the distance 
between the parallel lines ag and bc. Moreover, since it has already been shown 
that the amplitudes of two semi-parabolas are the same when their angles of 
elevation differ from 45° by like amounts, it follows that the same computation 
which is employed for the larger elevation will serve also for the smaller. Let us 
also assume 10000 as the greatest amplitude for a parabola whose angle of 
elevation is 45°; this then will be the length of the line ba and the amplitude of 
the semi-parabola bc. This number, 10000, is selected because in these 
calculations we employ a table of tangents in which this is the value of the 
tangent of 45°. And now, coming down to business, draw the straight line ce 
making an acute angle ecb greater than acb: the problem now is to draw the 
semi-parabola to which the line ec is a tangent and for which the sum of the 
sublimity and the altitude is the distance ba. Take the length of the tangent**be 
from the table of tangents, using the angle bce as an argument: let f be the 
middle point of be; next find a third proportional to bf and bi (the half of bc), 
which is of necessity greater than fa. Call this fo. We have now discovered that, 
for the parabola inscribed in the triangle ecb having the tangent ce and the 
amplitude cb, the altitude is bf and the sublimity fo. But the total length of bo 
exceeds the distance between the parallels ag and cb, while our problem was to 
keep it equal to this distance: for both the parabola sought and the parabola dc 
are described by projectiles fired from c with the same speed. Now since an 
infinite number of greater and smaller parabolas, similar to each other, may be 
described within the angle bce we must find another parabola which like cd has 
for the sum of its altitude and sublimity the height ba, equal to bc. 


42 The reader will observe that the word “tangent” is here used in a sense somewhat different from that of 
the preceding sentence. The “tangent ec” is a line which touches the parabola at c; but the “tangent eb” is 
the side of the right-angled triangle which lies opposite the angle ecb, a line whose length is proportional to 
the numerical value of the tangent of this angle. [Trans.] 


43 This fact is demonstrated in the third paragraph below. [Trans.] 


C. 
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Therefore lay off cr so that, ob:ba=bc:cr; then cr will be the amplitude of a 
semi-parabola for which bce is the angle of elevation and for which the sum of 
the altitude and sublimity is the distance between the parallels ga and cb, as 
desired. The process is therefore as follows: One draws the tangent of the given 
angle bce; takes half of this tangent, and adds to it the quantity, fo, which is a 
third proportional to the half of this tangent and the half of bc; the desired 
amplitude cr is then found from the following proportion ob:ba=bc:cr. For 
example let the angle ecb be one of 50°; its tangent is 11918, half of which, 
namely bf, is 5959; half of bc is 5000; the third proportional of these halves is 


4195, which added to bf gives the value 10154 for bo. Further, as ob is to ab, 
that is, as 10154 is to 10000, so is bc, or 10000 (each being the tangent of 45°) to 
cr, which is the amplitude sought and which has the value 9848, the maximum 
amplitude being bc, or 10000. The amplitudes of the entire parabolas are double 
these, namely, 19696 and 20000. This is also the amplitude of a parabola whose 
angle of elevation is 40°, since it deviates by an equal amount from one of 45°. 

In order to thoroughly understand this demonstration I need to be shown how 
the third proportional of bf and bi is, as the Author indicates, necessarily greater 
than fa. 


Salv. This result can, I think, be obtained as follows. The square of the mean 
proportional between two lines is equal to the rectangle formed by these two 
lines. Therefore the square of bi (or of bd which is equal to bi) must be equal to 
the rectangle formed by fb and the desired third proportional. This third 
proportional is necessarily greater than fa because the rectangle formed by bf and 
fa is less than the square of bd by an amount equal to the square of df, as shown 
in Euclid, II. 1. Besides it is to be observed that the point f, which is the middle 
point of the tangent eb, falls in general above a and only once at a; in which 
cases it is self-evident that the third proportional to the half of the tangent and to 
the sublimity bi lies wholly above a. But the Author has taken a case where it is 
not evident that the third proportional is always greater than fa, so that when laid 
off above the point f it extends beyond the parallel ag. 

Now let us proceed. It will be worth while, by the use of this table, to 
compute another giving the altitudes of these semi-parabolas described by 
projectiles having the same initial speed. The construction is as follows: 


70° 6428 20° 26° 1922 71° 8940 
71 6157 19 27 2061 72 9045 
72 5878 18 28 2204 73 9144 
73 9992 17 29 2351 74 9240 
74 5300 16 30 2499 75 9330 
75 9000 15 31 2653 76 9415 
76 4694 14 32 2810 77 9493 
77 4383 13 33 2967 78 9567 
78 4067 12 34 3128 79 9636 


79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 


3746 
3420 
3090 
2756 
2419 
2079 
1736 
1391 
1044 
698 

349 


= e 
O e 


e NUA UDN OO 


35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


3289 
3456 
3621 
3793 
3962 
4132 
4302 
4477 
4654 
4827 
5000 


80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


Problem. Proposition XIII 


9698 
9755 
9806 
9851 
9890 
9924 
9951 
9972 
9987 
9998 
10000 


From the amplitudes of semi-parabolas given in the preceding table to find the 
altitudes of each of the parabolas described with the same initial speed. 

It will be worth while to add a third table giving the altitudes and sublimities 
for parabolas in which the amplitude is a constant. 


Sagr. I shall be very glad to see this; for from it I shall learn the difference of 
speed and force [degl’ impeti e delle forze] required to fire projectiles over the 
same range with what we call mortar shots. This difference will, I believe, vary 
greatly with the elevation so that if, for example, one wished to employ an 
elevation of 3° or 4°, or 87° or 88° and yet give the ball the same range which it 
had with an elevation of 45° (where we have shown the initial speed to be a 
minimum) the excess of force required will, I think, be very great. 

Salv. You are quite right, sir; and you will find that in order to perform this 
operation completely, at all angles of elevation, you will have to make great 
strides toward an infinite speed. We pass now to the consideration of the table. 


39° 
40 
41 
42 


4049 
4196 
4346 
4502 


6174 
5959 
5752 
55953 


84° 


85 
86 
87 


47572 
97150 
71503 
95405 


525 
437 
349 
262 


43 4662 5362 88 143181 174 
44 4828 5177 89 286499 87 
45 5000 5000 90 


infinita 


Proposition XIV 


To find for each degree of elevation the altitudes and sublimities of parabolas of 
constant amplitude. 

Here we see, first of all, how very true is the statement made above, that, for 
different angles of elevation, the greater the deviation from the mean, whether 
above or below, the greater the initial speed [impeto e violenza] required to carry 
the projectile over the same range. For since the speed is the resultant of two 
motions, namely, one horizontal and uniform, the other vertical and naturally 
accelerated; and since the sum of the altitude and sublimity represents this speed, 
it is seen from the preceding table that this sum is a minimum for an elevation of 
45° where the altitude and sublimity are equal, namely, each 5000; and their sum 
10000. But if we choose a greater elevation, say 50°, we shall find the altitude 
5959, and the sublimity 4196, giving a sum of 10155; in like manner we shall 
find that this is precisely the value of the speed at 40° elevation, both angles 
deviating equally from the mean. 

Secondly it is to be noted that, while equal speeds are required for each of 
two elevations that are equidistant from the mean, there is this curious 
alternation, namely, that the altitude and sublimity at the greater elevation 
correspond inversely to the sublimity and altitude at the lower elevation. Thus in 
the preceding example an elevation of 50° gives an altitude of 5959 and a 
sublimity of 4196; while an elevation of 40° corresponds to an altitude of 4196 
and a sublimity of 5959. And this holds true in general; but it is to be 
remembered that, in order to escape tedious calculations, no account has been 
taken of fractions which are of little moment in comparison with such large 
numbers. 


Sagr. I note also in regard to the two components of the initial speed [impeto] 
that the higher the shot the less is the horizontal and the greater the vertical 
component; on the other hand, at lower elevations where the shot reaches only a 
small height the horizontal component of the initial speed must be great. In the 
case of a projectile fired at an elevation of 90°, I quite understand that all the 
force [forza] in the world would not be sufficient to make it deviate a single 
finger’s breadth from the perpendicular and that it would necessarily fall back 
into its initial position; but in the case of zero elevation, when the shot is fired 
horizontally, I am not so certain that some force, less than infinite, would not 
carry the projectile some distance; thus not even a cannon can fire a shot in a 
perfectly horizontal direction, or as we say, point blank, that is, with no elevation 


at all. Here I admit there is some room for doubt. The fact I do not deny outright, 
because of another phenomenon apparently no less remarkable, but yet one for 
which I have conclusive evidence. This phenomenon is the impossibility of 
stretching a rope in such a way that it shall be at once straight and parallel to the 
horizon; the fact is that the cord always sags and bends and that no force is 
sufficient to stretch it perfectly straight. 


Salv. In this case of the rope then, Sagredo, you cease to wonder at the 
phenomenon because you have its demonstration; but if we consider it with more 
care we may possibly discover some correspondence between the case of the gun 
and that of the string. The curvature of the path of the shot fired horizontally 
appears to result from two forces, one (that of the weapon) drives it horizontally 
and the other (its own weight) draws it vertically downward. So in stretching the 
rope you have the force which pulls it horizontally and its own weight which 
acts downwards. The circumstances in these two cases are, therefore, very 
similar. If then you attribute to the weight of the rope a power and energy 
[possanza ed energia] sufficient to oppose and overcome any stretching force, 
no matter how great, why deny this power to the bullet? 

Besides I must tell you something which will both surprise and please you, 
namely, that a cord stretched more or less tightly assumes a curve which closely 
approximates the parabola. This similarity is clearly seen if you draw a parabolic 
curve on a vertical plane and then invert it so that the apex will lie at the bottom 
and the base remain horizontal; for, on hanging a chain below the base, one end 
attached to each extremity of the base, you will observe that, on slackening the 
chain more or less, it bends and fits itself to the parabola; and the coincidence is 
more exact in proportion as the parabola is drawn with less curvature or, so to 
speak, more stretched; so that using parabolas described with elevations less than 
45° the chain fits its parabola almost perfectly. 


Sagr. Then with a fine chain one would be able to quickly draw many parabolic 
lines upon a plane surface. 


Salv. Certainly and with no small advantage as I shall show you later. 


Simp. But before going further, I am anxious to be convinced at least of that 
proposition of which you say that there is a rigid demonstration; I refer to the 
statement that it is impossible by any force whatever to stretch a cord so that it 
will lie perfectly straight and horizontal. 


Sagr. I will see if I can recall the demonstration; but in order to understand it, 
Simplicio, it will be necessary for you to take for granted concerning machines 
what is evident not alone from experiment but also from theoretical 
considerations, namely, that the velocity of a moving body [velocità del 
movente], even when its force [forza] is small, can overcome a very great 
resistance exerted by a slowly moving body, whenever the velocity of the 
moving body bears to that of the resisting body a greater ratio than the resistance 
[resistenza] of the resisting body to the force [forza] of the moving body. 


Simp. This I know very well for it has been demonstrated by Aristotle in his 
Questions in Mechanics; it is also clearly seen in the lever and the steelyard 
where a counterpoise weighing not more than 4 pounds will lift a weight of 400 
provided that the distance of the counterpoise from the axis about which the 
steelyard rotates be more than one hundred times as great as the distance 
between this axis and the point of support for the large weight. This is true 
because the counterpoise in its descent traverses a space more than one hundred 
times as great as that moved over by the large weight in the same time; in other 
words the small counterpoise moves with a velocity which is more than one 
hundred times as great as that of the large weight. 


Sagr. You are quite right; you do not hesitate to admit that however small the 
force [forza] of the moving body it will overcome any resistance, however great, 
provided it gains more in velocity than it loses in force and weight [vigore e 
gravita]. Now let us return to the case of the cord. In the accompanying figure 
ab represents a line passing through two fixed points a and b; at the extremities 
of this line hang, as you see, two large weights c and d, which stretch it with 
great force and keep it truly straight, seeing that it is merely a line without 
weight. Now I wish to remark that if from the middle point of this line, which we 
may call e, you suspend any small weight, say h, the line ab will yield toward 
the point f and on account of its elongation will compel the two heavy weights c 
and d to rise. This I shall demonstrate as follows: with the points a and b as 
centers describe the two quadrants, eig and elm; now since the two 
semidiameters ai and bl are equal to ae and eb, the remainders fi and fl are the 
excesses of the lines af and fb over ae and eb; they therefore determine the rise 
of the weights c and d, assuming of course that the weight h has taken the 
position f. But the weight h will take the position f, whenever the line ef which 
represents the descent of h bears to the line fi — that is, to the rise of the weights 
c and d — a ratio which is greater than the ratio of the weight of the two large 


bodies to that of the body h. Even when the weights of c and d are very great and 
that of h very small this will happen; for the excess of the weights c and d over 
the weight of h can never be so great but that the excess of the tangent ef over 
the segment fi may be proportionally greater. This may be proved as follows: 
Draw a circle of diameter gai; draw the line bo such that the ratio of its length to 
another length c, c>d, is the same as the ratio of the weights c and d to the 
weight h. Since c>d, the ratio of bo to d is greater than that of bo to c. Take be a 
third proportional to ob and d; prolong the diameter gi to a point f such that 
gi:if=oe:eb; and from the point f draw the tangent fn; then since we already have 
oe:eb=gi:if, we shall obtain, by compounding ratios, ob:eb=gf:if. But d is a 
mean proportional between ob and be; while nf is a mean proportional between 
gf and fi. Hence nf bears to fi the same ratio as that of cb to d, which is greater 
than that of the weights c and d to the weight h. Since then the descent, or 
velocity, of the weight h bears to the rise, or velocity, of the weights c and d a 
greater ratio than the weight of the bodies c and d bears to the weight of h, it is 
clear that the weight h will descend and the line ab will cease to be straight and 
horizontal. 





Fig. 126 


And now this which happens in the case of a weightless cord ab when any 
small weight h is attached at the point e, happens also when the cord is made of 
ponderable matter but without any attached weight; because in this case the 
material of which the cord is composed functions as a suspended weight. 


Simp. I am fully satisfied. So now Salviati can explain, as he promised, the 
advantage of such a chain and, afterwards, present the speculations of our 
Academician on the subject of impulsive forces [forza della percossa]. 


Salv. Let the preceding discussions suffice for to-day; the hour is already late 
and the time remaining will not permit us to clear up the subjects proposed; we 
may therefore postpone our meeting until another and more opportune occasion. 


Sagr. I concur in your opinion, because after various conversations with intimate 
friends of our Academician I have concluded that this question of impulsive 
forces is very obscure, and I think that, up to the present, none of those who have 


treated this subject have been able to clear up its dark comers which lie almost 
beyond the reach of human imagination; among the various views which I have 
heard expressed one, strangely fantastic, remains in my memory, namely, that 
impulsive forces are indeterminate, if not infinite. Let us, therefore, await the 
convenience of Salviati. Meanwhile tell me what is this which follows the 
discussion of projectiles. 

Salv. These are some theorems pertaining to the centers of gravity of solids, 
discovered by our Academician in his youth, and undertaken by him because he 
considered the treatment of Federigo Comandino to be somewhat incomplete. 
The propositions which you have before you would, he thought, meet the 
deficiencies of Comandino’s book. The investigation was undertaken at the 
instance of the Illustrious Marquis Guid’ Ubaldo Dal Monte, a very 
distinguished mathematician of his day, as is evidenced by his various 
publications. To this gentleman our Academician gave a copy of this work, 
hoping to extend the investigation to other solids not treated by Comandino. But 
a little later there chanced to fall into his hands the book of the great 
geometrician, Luca Valerio, where he found the subject treated so completely 
that he left off his own investigations, although the methods which he employed 
were quite different from those of Valerio. 


Sagr. Please be good enough to leave this volume with me until our next 
meeting so that I may be able to read and study these propositions in the order in 
which they are written. 


Salv. It is a pleasure to comply with your request and I only hope that the 
propositions will be of deep interest to you. 


End of the fourth day. 


Appendix 


Containing some theorems, and their proofs, dealing with centers of gravity of 
solid bodies, written by the same Author at an earlier date.“ 


as Following the example of the National Edition, this Appendix which covers 18 pages of the Leyden 
Edition of 1638 is here omitted as being of minor interest. [Trans. ] 
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The history of the life and labours of Galileo is pregnant with a peculiar 
interest to the general reader, as well as to the philosopher. His brilliant 
discoveries, the man of science regards as his peculiar property; the means by 
which they were made, and the development of his intellectual character, belong 
to the logician and to the philosopher; but the triumphs and the reverses of his 
eventful life must be claimed for our common nature, as a source of more than 
ordinary instruction. 

The lengthened career which Providence assigned to Galileo was filled up 
throughout its rugged outline with events even of dramatic interest. But though it 
was emblazoned with achievements of transcendent magnitude, yet his noblest 
discoveries were the derision of his contemporaries, and were even denounced as 
crimes which merited the vengeance of Heaven. Though he was the idol of his 
friends, and the favoured companion of princes, yet he afterwards became the 
victim of persecution, and spent some of his last hours within the walls of a 
prison; and though the Almighty granted him, as it were, a new sight to descry 
unknown worlds in the obscurity of space, yet the eyes which were allowed to 
witness such wonders, were themselves doomed to be closed in darkness. 

Such were the lights and shadows in which history delineates 

“The starry Galileo with his woes.” 

But, however powerful be their contrasts, they are not unusual in their 
proportions. The balance which has been struck between his days of good and 
evil, is that which regulates the lot of man, whether we study it in the despotic 
sway of the autocrat, in the peaceful inquiries of the philosopher, or in the 
humbler toils of ordinary life. 

Galileo Galilei was born at Pisa, on the 15th of February, 1564, and was the 
eldest of a family of three sons and three daughters. Under the name of Bonajuti, 
his noble ancestors had filled high offices at Florence; but about the middle of 


the 14th century they seem to have abandoned this surname for that of Galileo. 
Vincenzo Galilei, our author’s father, was himself a philosopher of no mean 
powers; and though his talents seem to have been exercised only in the 
composition of treatises on the theory and practice of music, yet he appears to 
have anticipated even his son in a just estimate of the philosophy of the age, and 
in a distinct perception of the true method of investigating truth. 

The early years of Galileo were, like those of almost all great experimental 
philosophers, spent in the construction of instruments and pieces of machinery, 
which were calculated chiefly to amuse himself and his schoolfellows. This 
employment of his hands, however, did not interfere with his regular studies; and 
though, from the straitened circumstances of his father, he was educated under 
considerable disadvantages, yet he acquired the elements of classical literature, 
and was initiated into all the learning of the times. Music, drawing, and painting 
were the occupations of his leisure hours; and such was his proficiency in these 
arts, that he was reckoned a skilful performer on several musical instruments, 
especially the lute; and his knowledge of pictures was held in great esteem by 
some of the best artists of his day. 

Galileo seems to have been desirous of following the profession of a painter: 
but his father had observed decided indications of early genius; and, though by 
no means able to afford it, he resolved to send him to the university to pursue the 
study of medicine. He accordingly enrolled himself as a scholar in arts at the 
university of Pisa, on the 5th of November, 1581, and pursued his medical 
studies under the celebrated botanist Andrew Cesalpinus, who filled the chair of 
medicine from 1567 to 1592. 

In order to study the principles of music and drawing, Galileo found it 
necessary to acquire some knowledge of geometry. His father seems to have 
foreseen the consequences of following this new pursuit, and though he did not 
prohibit him from reading Euclid under Ostilio Ricci, one of the professors at 
Pisa, yet he watched his progress with the utmost jealousy, and had resolved that 
it should not interfere with his medical studies. The demonstrations, however, of 
the Greek mathematician had too many charms for the ardent mind of Galileo. 
His whole attention was engrossed with the new truths which burst upon his 
understanding; and after many fruitless attempts to check his ardour and direct 
his thoughts to professional objects, his father was obliged to surrender his 
parental control, and allow the fullest scope to the genius of his son. 

From the elementary works of geometry, Galileo passed to the writings of 
Archimedes; and while he was studying the hydrostatical treatise of the 
Syracusan philosopher, he wrote his essay on the hydrostatical balance, in which 
he describes the construction of the instrument, and the method by which 


Archimedes detected the fraud committed by the jeweller in the composition of 
Hiero’s crown. This work gained for its author the esteem of Guido Ubaldi, who 
had distinguished himself by his mechanical and mathematical acquirements, 
and who engaged his young friend to investigate the subject of the centre of 
gravity in solid bodies. The treatise on this subject, which Galileo presented to 
his patron, proved the source of his future success in life. 

Through the Cardinal del Monte, the brother-in-law of Ubaldi, the reigning 
Duke of Tuscany, Ferdinand de Medici was made acquainted with the merits of 
our young philosopher; and, in 1589, he was appointed lecturer on mathematics 
at Pisa. As the salary, however, attached to this office was only sixty crowns, he 
was compelled to enlarge this inadequate income by the additional occupation of 
private teaching, and thus to encroach upon the leisure which he was anxious to 
devote to science. 

With this moderate competency, Galileo commenced his philosophical career. 
At the early age of eighteen, when he had entered the university, his innate 
antipathy to the Aristotelian philosophy began to display itself. This feeling was 
strengthened by his earliest inquiries; and upon his establishment at Pisa he 
seems to have regarded the doctrines of Aristotle as the intellectual prey which, 
in his chace of glory, he was destined to pursue. Nizzoli, who flourished near the 
beginning of the sixteenth century, and Giordano Bruno, who was burned at 
Rome in 1600, led the way in this daring pursuit; but it was reserved for Galileo 
to track the Thracian boar through its native thickets, and, at the risk of his own 
life, to strangle it in its den. 

With the resolution of submitting every opinion to the test of experiment, 
Galileo’s first inquiries at Pisa were directed to the mechanical doctrines of 
Aristotle. Their incorrectness and absurdity soon became apparent; and with a 
zeal, perhaps, bordering on indiscretion, he denounced them to his pupils with an 
ardour of manner and of expression proportioned to his own conviction of the 
truth. The detection of long-established errors is apt to inspire the young 
philosopher with an exultation which reason condemns. The feeling of triumph 
is apt to clothe itself in the language of asperity; and the abettor of erroneous 
opinions is treated as a species of enemy to science. Like the soldier who fleshes 
his first spear in battle, the philosopher is apt to leave the stain of cruelty on his 
early achievements. It is only from age and experience, indeed, that we can 
expect the discretion of valour, whether it is called forth in controversy or in 
battle. Galileo seems to have waged this stern warfare against the followers of 
Aristotle; and such was the exasperation which was excited by his reiterated and 
successful attacks, that he was assailed, during the rest of his life, with a degree 
of rancour which seldom originates in a mere difference of opinion. Forgetting 


that all knowledge is progressive, and that the errors of one generation call forth 
the comments, and are replaced by the discoveries, of the next, Galileo did not 
anticipate that his own speculations and incompleted labours might one day 
provoke unmitigated censure; and he therefore failed in making allowance for 
the prejudices and ignorance of his opponents. He who enjoys the proud lot of 
taking a position in advance of his age, need not wonder that his less gifted 
contemporaries are left behind. Men are not necessarily obstinate because they 
cleave to deeply rooted and venerable errors, nor are they absolutely dull when 
they are long in understanding and slow in embracing newly discovered truths. 

It was one of the axioms of the Aristotelian mechanics, that the heavier of two 
falling bodies would reach the ground sooner than the other, and that their 
velocities would be proportional to their weights. Galileo attacked the arguments 
by which this opinion was supported; and when he found his reasoning 
ineffectual, he appealed to direct experiment. He maintained, that all bodies 
would fall through the same height in the same time, if they were not unequally 
retarded by the resistance of the air: and though he performed the experiment 
with the most satisfactory results, by letting heavy bodies fall from the leaning 
tower of Pisa, yet the Aristotelians, who with their own eyes saw the unequal 
weights strike the ground at the same instant, ascribed the effect to some 
unknown cause, and preferred the decision of their master to that of nature 
herself. 

Galileo could not brook this opposition to his discoveries; nor could the 
Aristotelians tolerate the rebukes of their young instructor. The two parties were, 
consequently, marshalled in hostile array; when, fortunately for both, an event 
occurred, which placed them beyond the reach of danger. Don Giovanni de 
Medici, a natural son of Cosmo, had proposed a method of clearing out the 
harbour of Leghorn. Galileo, whose opinion was requested, gave such an 
unfavourable report upon it, that the disappointed inventor directed against him 
all the force of his malice. It was an easy task to concentrate the malignity of his 
enemies at Pisa; and so effectually was this accomplished, that Galileo resolved 
to accept another professorship, to which he had been previously invited. 

The chair of mathematics in the university of Padua having been vacant for 
five years, the republic of Venice had resolved to fill it up; and, on the 
recommendation of Guido Ubaldi, Galileo was appointed to it, in 1592, for a 
period of six years. 

Previous to this event, Galileo had lost his father, who died, in 1591, at an 
advanced age. As he was the eldest son, the support of the family naturally 
devolved upon him; and this sacred obligation must have increased his anxiety to 
better his circumstances, and therefore added to his other inducements to quit 


Pisa. In September 1592, he removed to Padua, where he had a salary of only 
180 florins, and where he was again obliged to add to his income by the labours 
of tuition. Notwithstanding this fruitless occupation of his time, he appears to 
have found leisure for composing several of his works, and completing various 
inventions, which will be afterwards described. His manuscripts were circulated 
privately among his friends and pupils; but some of them strayed beyond this 
sacred limit, and found their way into the hands of persons, who did not scruple 
to claim and publish, as their own, the discoveries and inventions which they 
contained. 

It is not easy to ascertain the exact time when Galileo became a convert to the 
doctrines of Copernicus, or the particular circumstances under which he was led 
to adopt them. It is stated by Gerard Voss, that a public lecture of Moestlin, the 
instructor of Kepler, was the means of making Galileo acquainted with the true 
system of the universe. This assertion, however, is by no means probable; and it 
has been ably shown, by the latest biographer of Galileo, that, in his dialogues 
on the Copernican system, our author gives the true account of his own 
conversion. This passage is so interesting, that we shall give it entire. 

“T cannot omit this opportunity of relating to you what happened to myself at 
the time when this opinion (the Copernican system) began to be discussed. I was 
then a very young man, and had scarcely finished my course of philosophy, 
which other occupations obliged me to leave off, when there arrived in this 
country, from Rostoch, a foreigner, whose name, I believe, was Christian 
Vurstisius (Wurteisen), a follower of Copernicus. This person delivered, on this 
subject, two or three lectures in a certain academy, and to a crowded audience. 
Believing that several were attracted more by the novelty of the subject than by 
any other cause, and being firmly persuaded that this opinion was a piece of 
solemn folly, I was unwilling to be present. Upon interrogating, however, some 
of those who were there, I found that they all made it a subject of merriment, 
with the exception of one, who assured me that it was not a thing wholly 
ridiculous. As I considered this individual to be both prudent and circumspect, I 
repented that I had not attended the lectures; and, whenever I met any of the 
followers of Copernicus, I began to inquire if they had always been of the same 
opinion. I found that there was not one of them who did not declare that he had 
long maintained the very opposite opinions, and had not gone over to the new 
doctrines till he was driven by the force of argument. I next examined them one 
by one, to see if they were masters of the arguments on the opposite side; and 
such was the readiness of their answers, that I was satisfied they had not taken 
up this opinion from ignorance or vanity. On the other hand, whenever I 
interrogated the Peripatetics and the Ptolemeans — and, out of curiosity, I have 


interrogated not a few — respecting their perusal of Copernicus’s work, I 
perceived that there were few who had seen the book, and not one who 
understood it. Nor have I omitted to inquire among the followers of the 
Peripatetic doctrines, if any of them had ever stood on the opposite side; and the 
result was, that there was not one. Considering, then, that nobody followed the 
Copernican doctrine, who had not previously held the contrary opinion, and who 
was not well acquainted with the arguments of Aristotle and Ptolemy; while, on 
the other hand, nobody followed Ptolemy and Aristotle, who had before adhered 
to Copernicus, and had gone over from him into the camp of Aristotle; — 
weighing, I say, these things, I began to believe that, if any one who rejects an 
opinion which he has imbibed with his milk, and which has been embraced by 
an infinite number, shall take up an opinion held only by a few, condemned by 
all the schools, and really regarded as a great paradox, it cannot be doubted that 
he must have been induced, not to say driven, to embrace it by the most cogent 
arguments. On this account I have become very curious to penetrate to the very 
bottom of the subject.” 

It appears, on the testimony of Galileo himself, that he taught the Ptolemaic 
system, in compliance with the popular feeling, after he had convinced himself 
of the truth of the Copernican doctrines. In the treatise on the sphere, indeed, 
which bears his name, and which must have been written soon after he went to 
Padua, and subsequently to 1592, the stability of the earth, and the motion of the 
sun, are supported by the very arguments which Galileo afterwards ridiculed; but 
we have no means of determining whether or not he had then adopted the true 
system of the universe. Although he might have taught the Ptolemaic system in 
his lectures after he had convinced himself of its falsehood, yet it is not likely 
that he would go so far as to publish to the world, as true, the very doctrines 
which he despised. In a letter to Kepler, dated in 1597, he distinctly states that he 
had, many years ago, adopted the opinions of Copernicus; but that he had not 
yet dared to publish his arguments in favour of them, and his refutation of the 
opposite opinions. These facts would leave us to place Galileo’s conversion 
somewhere between 1593 and 1597, although many years cannot be said to have 
elapsed between these two dates. 

At this early period of Galileo’s life, in the year 1593, he met with an accident 
which had nearly proved fatal. A party at Padua, of which he was one, were 
enjoying, at an open window, a current of air, which was artificially cooled by a 
fall of water. Galileo unfortunately fell asleep under its influence; and so 
powerful was its effect upon his robust constitution, that he contracted a severe 
chronic disorder, accompanied with acute pains in his body, and loss of sleep 


and appetite, which attacked him at intervals during the rest of his life. Others of 
the party suffered still more severely, and perished by their own rashness. 

Galileo’s reputation was now widely extended over Europe. The Archduke 
Ferdinand (afterwards Emperor of Germany), the Landgrave of Hesse, and the 
Princes of Alsace and Mantua, honoured his lectures with their presence; and 
Prince Gustavus Adolphus of Sweden also received instructions from him in 
mathematics, during his sojourn in Italy. 

When Galileo had completed the first period of his engagement at Padua, he 
was re-elected for other six years, with an increased salary of 320 florins. This 
liberal addition to his income is ascribed by Fabbroni to the malice of one of his 
enemies, who informed the Senate that Galileo was living in illicit intercourse 
with Marina Gamba. Without inquiring into the truth of the accusation, the 
Senate is said to have replied, that if “he had a family to support, he had the 
more need of an increased salary.” It is more likely that the liberality of the 
republic had been called forth by the high reputation of their professor, and that 
the terms of their reply were intended only to rebuke the malignity of the 
informer. The mode of expression would seem to indicate that one or more of 
Galileo’s children had been born previous to his re-election in 1598; but as this 
is scarcely consistent with other facts, we are disposed to doubt the authenticity 
of Fabbroni’s anecdote. 

The new star which attracted the notice of astronomers in 1604, excited the 
particular attention of Galileo. The observations which he made upon it, and the 
speculations which they suggested, formed the subject of three lectures, the 
beginning of the first of which only has reached our times. From the absence of 
parallax, he proved that the common hypothesis of its being a meteor was 
erroneous, and that, like the fixed stars, it was situated far beyond the bounds of 
our own system. The popularity of the subject attracted crowds to his lecture- 
room; and Galileo had the boldness to reproach his hearers for taking so deep an 
interest in a temporary phenomenon, while they overlooked the wonders of 
creation which were daily presented to their view. 

In the year 1606, Galileo was again appointed to the professorship at Padua, 
with an augmented stipend of 520 florins. His popularity had now risen so high, 
that his audience could not be accommodated in his lecture-room; and even 
when he had assembled them in the school of medicine, which contained 1000 
persons, he was frequently obliged to adjourn to the open air. 

Among the variety of pursuits which occupied his attention, was the 
examination of the properties of the loadstone. In 1607, he commenced his 
experiments; but, with the exception of a method of arming loadstones, which, 
according to the report of Sir Kenelm Digby, enabled them to carry twice as 


much weight as before, he does not seem to have made any additions to our 
knowledge of magnetism. He appears to have studied with care the admirable 
work of our countryman, Dr Gilbert, “De Magnete,” which was published in 
1600; and he recognised in the experiments and reasonings of the English 
philosopher the principles of that method of investigating truth which he had 
himself adopted. Gilbert died in 1603, in the 63d year of his age, and probably 
never read the fine compliment which was paid to him by the Italian philosopher 
— “T extremely praise, admire, and envy this author.” 


CHAPTER Il. 


Cosmo, Grand Duke of Tuscany, invites Galileo to Pisa — Galileo visits Venice 
in 1609, where he first hears of the Telescope — He invents and constructs one, 
which excites a great sensation — Discovers Mountains in the Moon, and Forty 
Stars in the Pleiades — Discovers Jupiter’s Satellites in 1610 — Effect of this 
discovery on Kepler — Manner in which these discoveries were received — 
Galileo appointed Mathematician to Cosmo — Mayer claims the discovery of 
the Satellites of Jupiter — Harriot observes them in England in October 1610. 


In the preceding chapter we have brought down the history of Galileo’s 
labours to that auspicious year in which he first directed the telescope to the 
heavens. No sooner was that noble instrument placed in his hands, than 
Providence released him from his professional toils, and supplied him with the 
fullest leisure and the amplest means for pursuing and completing the grandest 
discoveries. 

Although he had quitted the service and the domains of his munificent patron, 
the Grand Duke of Tuscany, yet he maintained his connection with the family, 
by visiting Florence during his academic vacations, and giving mathematical 
instruction to the younger branches of that distinguished house. Cosmo, who had 
been one of his pupils, now succeeded his father Ferdinand; and having his mind 
early imbued with a love of knowledge, which had become hereditary in his 
family, he felt that the residence of Galileo within his dominions, and still more 
his introduction into his household, would do honour to their common country, 
and reflect a lustre upon his own name. In the year 1609, accordingly, Cosmo 
made proposals to Galileo to return to his original situation at Pisa. These 
overtures were gratefully received; and in the arrangements which Galileo on 
this occasion suggested, as well as in the manner in which they were urged, we 
obtain some insight into his temper and character. He informs the correspondent 
through whom Cosmo’s offer was conveyed, that his salary of 520 florins at 
Padua would be increased to as many crowns at his re-election, and that he could 
enlarge his income to any extent he pleased, by giving private lectures and 
receiving pupils. His public duties, he stated, occupied him only sixty half-hours 
in the year; but his studies suffered such interruptions from his domestic pupils 
and private lectures, that his most ardent wish was to be relieved from them, in 
order that he might have sufficient rest and leisure, before the close of his life, to 
finish and publish those great works which he had projected. In the event, 


therefore, of his returning to Pisa, he hoped that it would be the first object of his 
serene highness to give him leisure to complete his works without the drudgery 
of lecturing. He expresses his anxiety to gain his bread by his writings, and he 
promises to dedicate them to his serene master. He enumerates, among these 
books, two on the system of the universe, three on local motion, three books of 
mechanics, two on the demonstration of principles, and one of problems; besides 
treatises on sound and speech, on light and colours, on the tides, on the 
composition of continuous quantity, on the motions of animals, and on the 
military art. On the subject of his salary, he makes the following curious 
observations: — 

“T say nothing,” says he, “on the amount of my salary; being convinced that, 
as I am to live upon it, the graciousness of his highness would not deprive me of 
any of those comforts, of which, however, I feel the want of less than many 
others; and, therefore, I say nothing more on the subject. Finally, on the title and 
profession of my service, I should wish that, to the title of mathematician, his 
highness would add that of philosopher, as I profess to have studied a greater 
number of years in philosophy, than months in pure mathematics; and how I 
have profited by it, and if I can or ought to deserve this title, I may let their 
highnesses see, as often as it shall please them to give me an opportunity of 
discussing such subjects in their presence with those who are most esteemed in 
this knowledge.” 

During the progress of this negotiation, Galileo went to Venice, on a visit to a 
friend, in the month of April or May 1609. Here he learned, from common 
rumour, that a Dutchman had presented to prince Maurice of Nassau an optical 
instrument, which possessed the singular property of causing distant objects to 
appear nearer the observer. This Dutchman was Hans or John Lippershey, who, 
as has been clearly proved by the late Professor Moll of Utrecht, was in the 
possession of a telescope made by himself so early as 2d October 1608. A few 
days afterwards, the truth of this report was confirmed by a letter which Galileo 
received from James Badorere at Paris, and he immediately applied himself to 
the consideration of the subject. On the first night after his return to Padua, he 
found, in the doctrines of refraction, the principle which he sought. He placed at 
the ends of a leaden tube two spectacle glasses, both of which were plain on one 
side, while one of them had its other side convex, and the other its second side 
concave, and having applied his eye to the concave glass, he saw objects pretty 
large and pretty near him. This little instrument, which magnified only three 
times, he carried in triumph to Venice, where it excited the most intense interest. 
Crowds of the principal citizens flocked to his house to see the magical toy; and 
after nearly a month had been spent in gratifying this epidemical curiosity, 


Galileo was led to understand from Leonardo Deodati, the Doge of Venice, that 
the senate would be highly gratified by obtaining possession of so extraordinary 
an instrument. Galileo instantly complied with the wishes of his patrons, who 
acknowledged the present by a mandate conferring upon him for life his 
professorship at Padua, and generously raising his salary from 520 to 1000 
florins. 

Although we cannot doubt the veracity of Galileo, when he affirms that he 
had never seen any of the Dutch telescopes, yet it is expressly stated by 
Fuccarius, that one of these instruments had at this time been brought to 
Florence; and Sirturus assures us that a Frenchman, calling himself a partner of 
the Dutch inventor, came to Milan in May 1609, and offered a telescope to the 
Count de Fuentes. In a letter from Lorenzo Pignoria to Paolo Gualdo, dated from 
Padua, on the 31st of August 1609, it is expressly said, that, at the re-election of 
the professors, Galileo had contrived to obtain 1000 florins for life, which was 
alleged to be on account of an eye-glass like the one which was sent from 
Flanders to the Cardinal Borghese. 

In a memoir so brief and general as the present, it would be out of place to 
discuss the history of this extraordinary invention. We have no hesitation in 
asserting that a method of magnifying distant objects was known to Baptista 
Porta and others; but it seems to be equally certain that an instrument for 
producing these effects was first constructed in Holland, and that it was from 
that kingdom that Galileo derived the knowledge of its existence. In considering 
the contending claims, which have been urged with all the ardour and partiality 
of national feeling, it has been generally overlooked, that a single convex lens, 
whose focal length exceeds the distance at which we examine minute objects, 
performs the part of a telescope, when an eye, placed behind it, sees distinctly 
the inverted image which it forms. A lens, twenty feet in focal length, will in this 
manner magnify twenty times; and it was by the same principle that Sir William 
Herschel discovered a new satellite of Saturn, by using only the mirror of his 
forty-feet telescope. The instrument presented to Prince Maurice, and which the 
Marquis Spinola found in the shop of John Lippershey, the spectacle maker of 
Middleburg, must have been an astronomical telescope consisting of two convex 
lenses. Upon this supposition, it differed from that which Galileo constructed; 
and the Italian philosopher will be justly entitled to the honour of having 
invented that form of the telescope which still bears his name, while we must 
accord to the Dutch optician the honour of having previously invented the 
astronomical telescope. 

The interest which the exhibition of the telescope excited at Venice did not 
soon subside: Sirturi describes it as amounting almost to phrensy. When he 


himself had succeeded in making one of these instruments, he ascended the 
tower of St Mark, where he might use it without molestation. He was recognised, 
however, by a crowd in the street; and such was the eagerness of their curiosity, 
that they took possession of the wondrous tube, and detained the impatient 
philosopher for several hours, till they had successively witnessed its effects. 
Desirous of obtaining the same gratification for their friends, they endeavoured 
to learn the name of the inn at which he lodged; but Sirturi fortunately overheard 
their inquiries, and quitted Venice early next morning, in order to avoid a second 
visitation of this new school of philosophers. The opticians speedily availed 
themselves of the new instrument. Galileo’s tube, — or the double eye-glass, or 
the cylinder, or the trunk, as it was then called, for Demisiano had not yet given 
it the appellation of telescope, — was manufactured in great quantities, and in a 
very superior manner. The instruments were purchased merely as philosophical 
toys, and were carried by travellers into every corner of Europe. 

The art of grinding and polishing lenses was at this time very imperfect. 
Galileo, and those whom he instructed, were alone capable of making tolerable 
instruments. It appears, from the testimony of Gassendi and Gertner, that, in 
1634, a good telescope could not be procured in Paris, Venice, or Amsterdam; 
and that, even in 1637, there was not one in Holland which could shew Jupiter’s 
disc well defined. 

After Galileo had completed his first instrument, which magnified only three 
times, he executed a larger and a better one, with a power of about eight. “At 
length,’ as he himself remarks, “sparing neither labour nor expense,” he 
constructed an instrument so excellent, that it bore a magnifying power of more 
than thirty times. 

The first celestial object to which Galileo applied his telescope was the moon, 
which, to use his own words, appeared as near as if it had been distant only two 
semidiameters of the earth. He then directed it to the planets and the fixed stars, 
which he frequently observed with “incredible delight.” 

The observations which he made upon the moon possessed a high degree of 
interest. The general resemblance of its surface to that of our own globe 
naturally fixed his attention; and he was soon able to trace, in almost every part 
of the lunar disc, ranges of mountains, deep hollows, and other inequalities, 
which reverberated from their summits and margins the rays of the rising sun, 
while the intervening hollows were still buried in darkness. The dark and 
luminous spaces he regarded as indicating seas and continents, which reflected, 
in different degrees, the incidental light of the sun; and he ascribed the 
phosphorescence, as it has been improperly called, or the secondary light, which 


is seen on the dark limb of the moon in her first and last quarters, to the 
reflection of the sun’s light from the earth. 

These discoveries were ill received by the followers of Aristotle. According 
to their preconceived opinions, the moon was perfectly spherical, and absolutely 
smooth; and to cover it with mountains, and scoop it out into valleys, was an act 
of impiety which defaced the regular forms which Nature herself had imprinted. 
It was in vain that Galileo appealed to the evidence of observation, and to the 
actual surface of our own globe. The very irregularities on the moon were, in his 
opinion, the proof of divine wisdom; and had its surface been absolutely smooth, 
it would have been “but a vast unblessed desert, void of animals, of plants, of 
cities, and of men — the abode of silence and inaction — senseless, lifeless, 
soulless, and stripped of all those ornaments which now render it so varied and 
so beautiful.” 

In examining the fixed stars, and comparing them with the planets, Galileo 
observed a remarkable difference in the appearance of their discs. All the planets 
appeared with round globular discs like the moon; whereas the fixed stars never 
exhibited any disc at all, but resembled lucid points sending forth twinkling rays. 
Stars of all magnitudes he found to have the same appearance; those of the fifth 
and sixth magnitude having the same character, when seen through a telescope, 
as Sirius, the largest of the stars, when seen by the naked eye. Upon directing his 
telescope to nebule and clusters of stars, he was delighted to find that they 
consisted of great numbers of stars which could not be recognised by unassisted 
vision. He counted no fewer than forty in the cluster called the Pleiades, or 
Seven Stars; and he has given us drawings of this constellation, as well as of the 
belt and sword of Orion, and of the nebula of Presepe. In the great nebula of the 
Milky Way, he descried crowds of minute stars; and he concluded that this 
singular portion of the heavens derived its whiteness from still smaller stars, 
which his telescope was unable to separate. 

Important and interesting as these discoveries were, they were thrown into the 
shade by those to which he was led during an accurate examination of the 
planets with a more powerful telescope. On the 7th of January 1610, at one 
o’clock in the morning, when he directed his telescope to Jupiter, he observed 
three stars near the body of the planet, two being to the east and one to the west 
of him. They were all in a straight line, and parallel to the ecliptic, and appeared 
brighter than other stars of the same magnitude. Believing them to be fixed stars, 
he paid no great attention to their distances from Jupiter and from one another. 
On the 8th of January, however, when, from some cause or other, he had been 
led to observe the stars again, he found a very different arrangement of them: all 
the three were on the west side of Jupiter, nearer one another than before, and 


almost at equal distances. Though he had not turned his attention to the 
extraordinary fact of the mutual approach of the stars, yet he began to consider 
how Jupiter could be found to the east of the three stars, when but the day before 
he had been to the west of two of them. The only explanation which he could 
give of this fact was, that the motion of Jupiter was direct, contrary to 
astronomical calculations, and that he had got before these two stars by his own 
motion. 

In this dilemma between the testimony of his senses and the results of 
calculation, he waited for the following night with the utmost anxiety; but his 
hopes were disappointed, for the heavens were wholly veiled in clouds. On the 
10th, two only of the stars appeared, and both on the east of the planet. As it was 
obviously impossible that Jupiter could have advanced from west to east on the 
8th of January, and from east to west on the 10th, Galileo was forced to conclude 
that the phenomenon which he had observed arose from the motion of the stars, 
and he set himself to observe diligently their change of place. On the 11th, there 
were still only two stars, and both to the east of Jupiter; but the more eastern star 
was now twice as large as the other one, though on the preceding night they had 
been perfectly equal. This fact threw a new light upon Galileo’s difficulties, and 
he immediately drew the conclusion, which he considered to be indubitable, 
“that there were in the heavens three stars which revolved round Jupiter, in the 
same manner as Venus and Mercury revolve round the sun.” On the 12th of 
January, he again observed them in new positions, and of different magnitudes; 
and, on the 13th, he discovered a fourth star, which completed the four 
secondary planets with which Jupiter is surrounded. 

Galileo continued his observations on these bodies every clear night till the 
22d of March, and studied their motions in reference to fixed stars that were at 
the same time within the field of his telescope. Having thus clearly established 
that the four new stars were satellites or moons, which revolved round Jupiter in 
the same manner as the moon revolves round our own globe, he drew up an 
account of his discovery, in which he gave to the four new bodies the names of 
the Medicean Stars, in honour of his patron, Cosmo de Medici, Grand Duke of 
Tuscany. This work, under the title of “Nuncius Sidereus,” or the “Sidereal 
Messenger,” was dedicated to the same prince; and the dedication bears the date 
of the 24th of March, only two days after he concluded his observations. 

The importance of this great discovery was instantly felt by the enemies as 
well as by the friends of the Copernican system. The planets had hitherto been 
distinguished from the fixed stars only by their relative change of place, but the 
telescope proved them to be bodies so near to our own globe as to exhibit well- 


defined discs, while the fixed stars retained, even when magnified, the 
minuteness of remote and lucid points. The system of Jupiter, illuminated by 
four moons performing their revolutions in different and regular periods, 
exhibited to the proud reason of man the comparative insignificance of the globe 
he inhabits, and proclaimed in impressive language that that globe was not the 
centre of the universe. 

The reception which these discoveries met with from Kepler is highly 
interesting, and characteristic of the genius of that great man. He was one day 
sitting idle, and thinking of Galileo, when his friend Wachenfels stopped his 
carriage at his door, to communicate to him the intelligence. “Such a fit of 
wonder,” says he, “seized me at a report which seemed to be so very absurd, and 
I was thrown into such agitation at seeing an old dispute between us decided in 
this way, that between his joy, my colouring, and the laughter of both, 
confounded as we were by such a novelty, we were hardly capable, he of 
speaking, or I of listening. On our parting, I immediately began to think how 
there could be any addition to the number of the planets without overturning my 
‘Cosmographic Mystery,’ according to which Euclid’s five regular solids do not 
allow more than six planets round the sun.... I am so far from disbelieving the 
existence of the four circumjovial planets, that I long for a telescope, to 
anticipate you, if possible, in discovering two round Mars, as the proportion 
seems to require, six or eight round Saturn, and perhaps one each round Mercury 
and Venus.” 

In a very different spirit did the Aristotelians receive the “Sidereal 
Messenger” of Galileo. The principal professor of philosophy at Padua resisted 
Galileo’s repeated and urgent entreaties to look at the moon and planets through 
his telescope; and he even laboured to convince the Grand Duke that the 
satellites of Jupiter could not possibly exist. Sizzi, an astronomer of Florence, 
maintained that as there were only seven apertures in the head — two eyes, two 
ears, two nostrils, and one mouth — and as there were only seven metals, and 
seven days in the week, so there could be only seven planets. He seems, 
however, to have admitted the visibility of the four satellites through the 
telescope; but he argues, that as they are invisible to the naked eye, they can 
exercise no influence on the earth; and being useless, they do not therefore exist. 

A protegé of Kepler’s, of the name of Horky, wrote a volume against 
Galileo’s discovery, after having declared, “that he would never concede his four 
new planets to that Italian from Padua, even if he should die for it.” This resolute 
Aristotelian was at no loss for arguments. He asserted that he had examined the 
heavens through Galileo’s own glass, and that no such thing as a satellite existed 


round Jupiter. He affirmed, that he did not more surely know that he had a soul 
in his body, than that reflected rays are the sole cause of Galileo’s erroneous 
observations; and that the only use of the new planets was to gratify Galileo’s 
thirst for gold, and afford to himself a subject of discussion. 

When Horky first presented himself to Kepler, after the publication of this 
work, the opinion of his patron was announced to him by a burst of indignation 
which overwhelmed the astonished author. Horky supplicated mercy for his 
offence; and, as Kepler himself informed Galileo, he took him again into favour, 
on the condition that Kepler was to show him Jupiter’s satellites, and that Horky 
was not only to see them, but to admit their existence. 

When the spirit of philosophy had thus left the individuals who bore so 
unworthily her sacred name, it was fortunate for science that it found a refuge 
among princes. Notwithstanding the reiterated logic of his philosophical 
professor at Padua, Cosmo de Medici preferred the testimony of his senses to the 
syllogisms of his instructor. He observed the new planets several times, along 
with Galileo, at Pisa; and when he parted with him, he gave him a present worth 
more than 1000 florins, and concluded that liberal arrangement to which we 
have already referred. 

As philosopher and principal mathematician to the Grand Duke of Tuscany, 
Galileo now took up his residence at Florence, with a salary of 1000 florins. No 
official duties, excepting that of lecturing occasionally to sovereign princes, 
were attached to this appointment; and it was expressly stipulated that he should 
enjoy the most perfect leisure to complete his treatises on the constitution of the 
universe, on mechanics, and on local motion. The resignation of his 
professorship in the university of Padua, which was the necessary consequence 
of his new appointment, created much dissatisfaction: but though many of his 
former friends refused at first to hold any communication with him, this 
excitement gradually subsided; and the Venetian senate at last appreciated the 
feelings, as well as the motives, which induced a stranger to accept of promotion 
in his native land. 

While Galileo was enjoying the reward and the fame of his great discovery, a 
new species of enmity was roused against him. Simon Mayer, an astronomer of 
no character, pretended that he had discovered the satellites of Jupiter before 
Galileo, and that his first observation was made on the 29th of December, 1609. 
Other astronomers announced the discovery of new satellites: Scheiner reckoned 
five, Rheita nine, and others found even so many as twelve: these satellites, 
however, were found to be only fixed stars. The names of Vladislavian, 
Agrippine, Uranodavian, and Ferdinandotertian, which were hastily given to 
these common telescopic stars, soon disappeared from the page of science, and 


even the splendid telescopes of modern times have not been able to add another 
gem to the diadem of Jupiter. 

A modern astronomer of no mean celebrity has, even in the present day, 
endeavoured to rob Galileo of this staple article of his reputation. From a 
careless examination of the papers of our celebrated countryman, Thomas 
Harriot, which Baron Zach had made in 1784, at Petworth, the seat of Lord 
Egremont, this astronomer has asserted that Harriot first observed the satellites 
of Jupiter on the 16th of January, 1610; and continued his observations till the 
25th of February, 1612. Baron Zach adds the following extraordinary 
conclusion:— “Galileo pretends to have discovered them on the 7th of January, 
1610; so that it is not improbable that Harriot was likewise the first discoverer of 
these attendants of Jupiter.” In a communication which I received from Dr 
Robertson, of Oxford, in 1822, he informed me that he had examined a portion 
of Harriot’s papers, entitled, “De Jovialibus Planetis;” and that it appears, from 
two pages of these papers, that Harriot first observed Jupiter’s satellites on the 
17th of October, 1610. These observations are accompanied with rough 
drawings of the positions of the satellites, and rough calculations of their 
periodical revolutions. My friend, Professor Rigaud, who has very recently 
examined the Harriot MSS., has confirmed the accuracy of Dr Robertson’s 
observations, and has thus restored to Galileo the honour of being the first and 
the sole discoverer of these secondary planets. 


CHAPTER III. 


Galileo announces his discoveries in Enigmas — Discovers the Crescent of 
Venus — the Ring of Saturn — the Spots on the Sun — Similar Observations 
made in England by Harriot — Claims of Fabricius and Scheiner to the 
discovery of the Solar Spots — Galileo’s Letters to Velser on the claims of 
Scheiner — His residence at the Villa of Salviati — Composes his work on 
Floating Bodies, which involves him in new controversies. 


The great success which attended the first telescopic observations of Galileo, 
induced him to apply his best instruments to the other planets of our system. The 
attempts which had been made to deprive him of the honour of some of his 
discoveries, combined, probably, with a desire to repeat his observations with 
better telescopes, led him to announce his discoveries under the veil of an 
enigma, and to invite astronomers to declare, within a given time, if they had 
observed any new phenomena in the heavens. 

Before the close of 1610, Galileo excited the curiosity of astronomers by the 
publication of his first enigma. Kepler and others tried in vain to decipher it; but 
in consequence of the Emperor Rodolph requesting a solution of the puzzle, 
Galileo sent him the following clue: — 

“Altissimam planetam tergeminam observavi.” 

I have observed that the most remote planet is triple. 

In explaining more fully the nature of his observation, Galileo remarked that 
Saturn was not a single star, but three together, nearly touching one another. He 
described them as having no relative motion, and as having the form of three 0’s, 
namely, oOo, the central one being larger than those on each side of it. 

Although Galileo had announced that nothing new appeared in the other 
planets, yet he soon communicated to the world another discovery of no slight 
interest. The enigmatical letters in which it was concealed formed the following 
sentence: — 

“Cynthie figuras emulatur mater Amorum.” 

Venus rivals the phases of the moon. 

Hitherto, Galileo had observed Venus when her disc was largely illuminated; 
but having directed his telescope to her when she was not far removed from the 
sun, he saw her in the form of a crescent, resembling exactly the moon at the 
same elongation. He continued to observe her night after night, during the whole 
time that she could be seen in the course of her revolution round the sun, and he 


found that she exhibited the very same phases which resulted from her motion 
round that luminary. 

Galileo had long contemplated a visit to the metropolis of Italy, and he 
accordingly carried his intentions into effect in the early part of the year 1611. 
Here he was received with that distinction which was due to his great talents and 
his extended reputation. Princes, Cardinals, and Prelates hastened to do him 
honour; and even those who discredited his discoveries, and dreaded their 
results, vied with the true friends of science in their anxiety to see the intellectual 
wonder of the age. 

In order to show the new celestial phenomena to his friends at Rome, Galileo 
took with him his best telescope; and as he had discovered the spots on the sun’s 
surface in October or November 1610, or even earlier, he had the gratification of 
exhibiting them to his admiring disciples. He accordingly erected his telescope 
in the Quirinal garden, belonging to Cardinal Bandini; and in April 1611 he 
shewed them to his friends in many of their most interesting variations. From 
their change of position on the sun’s disc, Galileo at first inferred, either that the 
sun revolved about an axis, or that other planets, like Venus and Mercury, 
revolved so near the sun as to appear like black spots when they were opposite to 
his disc. Upon continuing his observations, however, he saw reason to abandon 
this hasty opinion. He found that the spots must be in contact with the surface of 
the sun, — that their figures were irregular, — that they had different degrees of 
darkness, — that one spot would often divide itself into three or four, — that 
three or four spots would often unite themselves into one, — and that all the 
spots revolved regularly with the sun, which appeared to complete its revolution 
in about twenty-eight days. 

Previous to the invention of the telescope, spots had been more than once 
seen on the sun’s disc with the unassisted eye. But even if these were of the 
same character as those which Galileo and others observed, we cannot consider 
them as anticipations of their discovery by the telescope. As the telescope was 
now in the possession of several astronomers, Galileo began to have many rivals 
in discovery; but notwithstanding the claims of Harriot, Fabricius, and Scheiner, 
it is now placed beyond the reach of doubt that he was the first discoverer of the 
solar spots. From the communication which I received in 1822 from the late Dr 
Robertson, of Oxford, it appeared that Thomas Harriot had observed the solar 
spots on the 8th of December 1610; but his manuscripts, in Lord Egremont’s 
possession, incontestably prove that his regular observations on the spots did not 
commence till December 1, 1611, although he had seen the spots at the date 
above mentioned, and that they were continued till the 18th of January 1613. 
The observations which he has recorded are 199 in number, and the accounts of 


them are accompanied with rough drawings representing the number, position, 
and magnitude of the spots. In the observation of Harriot, made on the 8th 
December 1610, before he knew of Galileo’s discovery, he saw three spots on 
the sun, which he has represented in a diagram. The sun was then 7° or 8° high, 
and there was a frost and a mist, which no doubt acted as a darkening glass. 
Harriot does not apply the name of spots to what he noticed in this observation, 
and he does not enumerate it among the 199 observations above mentioned. 
Professor Rigaud considers it “a misapplication of terms to call such an 
observation a discovery;” but, with all the respect which we feel for the candour 
of this remark, we are disposed to confer on Harriot the merit of an original 
discoverer of the spots on the sun. 

Another candidate for the honour of discovering the spots of the sun, was 
John Fabricius, who undoubtedly saw them previous to June 1611. The 
dedication of the work in which he has recorded his observation, bears the date 
of the 13th of June 1611; and it is obvious, from the work itself, that he had seen 
the spots about the end of the year 1610; but as there is no proof that he saw 
them before October, we are compelled to assign the priority of the discovery to 
the Italian astronomer. 

The claim of Scheiner, professor of mathematics at Ingolstadt, is more 
intimately connected with the history of Galileo. This learned astronomer 
having, early in 1611, turned his telescope to the sun, necessarily discovered the 
spots which at that time covered his disc. Light flying clouds happened, at the 
time, to weaken the intensity of his light, so that he was able to show the spots to 
his pupils. These observations were not published till January 1612; and they 
appeared in the form of three letters, addressed to Mark Velser, one of the 
magistrates of Augsburg, under the signature of Appelles post Tabulam. 
Scheiner, who, many years afterwards, published an elaborate work on the 
subject, adopted the same idea which had at first occurred to Galileo — that the 
spots were the dark sides of planets revolving round and near the sun. 

On the publication of Scheiner’s letters, Velser transmitted a copy of them to 
his friend Galileo, with the request that he would favour him with his opinion of 
the new phenomena. After some delay, Galileo addressed three letters to Velser, 
in which he combated the opinions of Scheiner on the cause of the spots. The 
first of these letters was dated the 4th of May 1612; but though the controversy 
was Carried on in the language of mutual respect and esteem, it put an end to the 
friendship which had existed between the two astronomers. In these letters 
Galileo showed that the spots often dispersed like vapours or clouds; that they 
sometimes had a duration of only one or two days, and at other times of thirty or 
forty days; that they contracted in their breadth when they approached the sun’s 


limb, without any diminution of their length; that they describe circles parallel to 
each other; that the monthly rotation of the sun again brings the same spots into 
view; and that they are seldom seen at a greater distance than 30° from the sun’s 
equator. Galileo likewise discovered on the sun’s disc facule, or luculi, as they 
were Called, which differ in no respect from the common ones but in their being 
brighter than the rest of the sun’s surface. 

In the last of the letters which our author addressed to Velser, and which was 
written in December 1612, he recurs to his former discovery of the elongated 
shape, or rather the triple structure, of Saturn. The singular figure which he had 
observed in this planet had entirely disappeared; and he evidently announces the 
fact to Velser, lest it should be used by his enemies to discredit the accuracy of 
his observations. “Looking on Saturn,” says he, “within these few days, I found 
it solitary, without the assistance of its accustomed stars, and, in short, perfectly 
round and defined like Jupiter; and such it still remains. Now, what can be said 
of so strange a metamorphosis? Are the two smaller stars consumed like the 
spots on the sun? Have they suddenly vanished and fled? or has Saturn devoured 
his own children? or was the appearance indeed fraud and illusion, with which 
the glasses have for so long a time mocked me, and so many others who have 
often observed with me? Now, perhaps, the time is come to revive the withering 
hopes of those who, guided by more profound contemplations, have followed all 
the fallacies of the new observations, and recognised their impossibilities. I 
cannot resolve what to say in a chance so strange, so new, and so unexpected; 
the shortness of the time, the unexampled occurrence, the weakness of my 
intellect, and the terror of being mistaken, have greatly confounded me.” 
Although Galileo struggled to obtain a solution of this mystery, yet he had not 
the good fortune to succeed. He imagined that the two smaller stars would 
reappear, in consequence of the supposed revolution of the planet round its axis; 
but the discovery of the ring of Saturn, and of the obliquity of its plane to the 
ecliptic, was necessary to explain the phenomena which were so perplexing to 
our author. 

The ill health to which Galileo was occasionally subject, and the belief that 
the air of Florence was prejudicial to his complaints, induced him to spend much 
of his time at Selve, the villa of his friend Salviati. This eminent individual had 
ever been the warmest friend of Galileo, and seems to have delighted in drawing 
round him the scientific genius of the age. He was a member of the celebrated 
Lyncean Society, founded by Prince Frederigo Cesi; and though he is not 
known as the author of any important discovery, yet he has earned, by his 
liberality to science, a glorious name, which will be indissolubly united with the 
immortal destiny of Galileo. 


The subject of floating bridges having been discussed at one of the scientific 
parties which had assembled at the house of Salviati, a difference of opinion 
arose respecting the influence of the shape of bodies on their disposition to float 
or to sink in a fluid. Contrary to the general opinion, Galileo undertook to prove 
that it depended on other causes; and he was thus led to compose his discourse 
on floating bodies, which was published in 1612, and dedicated to Cosmo de 
Medici. This work contains many ingenious experiments, and much acute 
reasoning in support of the true principles of hydrostatics; and it is now chiefly 
remarkable as a specimen of the sagacity and intellectual power of its author. 
Like all his other works, it encountered the most violent opposition; and Galileo 
was more than once summoned into the field to repel the aggressions of his 
ignorant and presumptuous opponents. The first attack upon it was made by 
Ptolemy Nozzolini, in a letter to Marzemedici, Archbishop of Florence; and to 
this Galileo replied in a letter addressed to his antagonist. A more elaborate 
examination of it was published by Lodovico delle Colombe, and another by M. 
Vincenzo di Grazia. To these attacks, a minute and overwhelming answer was 
printed in the name of Benedetti Castelli, the friend and pupil of Galileo; but it 
was discovered, some years after Galileo’s death, that he was himself the author 
of this work. 


CHAPTER IV. 


Galileo treats his opponents with severity and sarcasm — He is aided by the 
sceptics of the day — The Church party the most powerful — Galileo 
commences the attack, and is answered by Caccini, a Dominican — Galileo’s 
Letter to the Grand Duchess of Tuscany, in support of the motion of the Earth 
and the stability of the Sun — Galileo visits Rome — Is summoned before the 
Inquisition, and renounces his opinions as heretical — The Inquisition 
denounces the Copernican System — Galileo has an audience of the Pope, but 
still maintains his opinions in private society — Proposes to find out the 
Longitude at Sea by means of Jupiter’s Satellites — His negociation on this 
subject with the Court of Spain — Its failure — He is unable to observe the three 
Comets of 1618, but is involved in the controversy to which they gave rise. 


The current of Galileo’s life had hitherto flowed in a smooth and 
unobstructed channel. He had now attained the highest objects of earthly 
ambition. His discoveries had placed him at the head of the great men of the age; 
he possessed a professional income far beyond his wants, and even beyond his 
anticipations; and, what is still dearer to a philosopher, he enjoyed the most 
perfect leisure for carrying on and completing his discoveries. The opposition 
which these discoveries encountered, was to him more a subject for triumph than 
for sorrow. Prejudice and ignorance were his only enemies; and if they 
succeeded for a while in harassing his march, it was only to lay a foundation for 
fresh achievements. He who contends for truths which he has himself been 
permitted to discover, may well sustain the conflict in which presumption and 
error are destined to fall. The public tribunal may neither be sufficiently pure nor 
enlightened to decide upon the issue; but he can appeal to posterity, and reckon 
with confidence on “its sure decree.” 

The ardour of Galileo’s mind, the keenness of his temper, his clear perception 
of truth, and his inextinguishable love of it, combined to exasperate and prolong 
the hostility of his enemies. When argument failed to enlighten their judgment, 
and reason to dispel their prejudices, he wielded against them his powerful 
weapons of ridicule and sarcasm; and in this unrelenting warfare, he seems to 
have forgotten that Providence had withheld from his enemies those very gifts 
which he had so liberally received. He who is allowed to take the start of his 
species, and to penetrate the veil which conceals from common minds the 
mysteries of nature, must not expect that the world will be patiently dragged at 


the chariot wheels of his philosophy. Mind has its inertia as well as matter; and 
its progress to truth can only be insured by the gradual and patient removal of 
the obstructions which surround it. 

The boldness — may we not say the recklessness — with which Galileo 
insisted upon making proselytes of his enemies, served but to alienate them from 
the truth. Errors thus assailed speedily entrench themselves in general feelings, 
and become embalmed in the virulence of the passions. The various classes of 
his opponents marshalled themselves for their mutual defence. The Aristotelian 
professors, the temporising Jesuits, the political churchmen, and that timid but 
respectable body who at all times dread innovation, whether it be in religion or 
in science, entered into an alliance against the philosophical tyrant who 
threatened them with the penalties of knowledge. 

The party of Galileo, though weak in numbers, was not without power and 
influence. He had trained around him a devoted band, who idolised his genius 
and cherished his doctrines. His pupils had been appointed to several of the 
principal professorships in Italy. The enemies of religion were on this occasion 
united with the Christian philosopher; and there were, even in these days, many 
princes and nobles who had felt the inconvenience of ecclesiastical jurisdiction, 
and who secretly abetted Galileo in his crusade against established errors. 

Although these two parties had been long dreading each others power, and 
reconnoitring each others position, yet we cannot exactly determine which of 
them hoisted the first signal for war. The church party, particularly its highest 
dignitaries, were certainly disposed to rest on the defensive. Flanked on one side 
by the logic of the schools, and on the other by the popular interpretation of 
Scripture, and backed by the strong arm of the civil power, they were not 
disposed to interfere with the prosecution of science, however much they may 
have dreaded its influence. The philosophers, on the contrary, united the zeal of 
innovators with that firmness of purpose which truth alone can inspire. 
Victorious in every contest, they were flushed with success, and they panted for 
a struggle in which they knew they must triumph. 

In this state of warlike preparation Galileo addressed a letter, in 1613, to his 
friend and pupil, the Abbé Castelli, the object of which was to prove that the 
Scriptures were not intended to teach us science and philosophy. Hence he 
inferred, that the language employed in the sacred volume in reference to such 
subjects should be interpreted only in its common acceptation; and that it was in 
reality as difficult to reconcile the Ptolemaic as the Copernican system to the 
expressions which occur in the Bible. 

A demonstration was about this time made by the opposite party, in the 
person of Caccini, a Dominican friar, who made a personal attack upon Galileo 


from the pulpit. This violent ecclesiastic ridiculed the astronomer and his 
followers, by addressing them sarcastically in the sacred language of Scripture— 
“Ye men of Galilee, why stand ye here looking up into heaven?” But this species 
of warfare was disapproved of even by the church; and Luigi Maraffi, the 
general of the Dominicans, not only apologised to Galileo, who had transmitted 
to him a formal complaint against Caccini, but expressed the acuteness of his 
own feelings on being implicated in the “brutal conduct of thirty or forty 
thousand monks.” 

From the character of Caccini, and the part which he afterwards played in the 
persecution of Galileo, we can scarcely avoid the opinion that his attack from the 
pulpit was intended as a snare for the unwary philosopher. It roused Galileo from 
his wonted caution; and stimulated, no doubt, by the nature of the answer which 
he received from Maraffi, he published a long letter of seventy pages, defending 
and illustrating his former views respecting the influence of scriptural language 
on the two contending systems. As if to give the impress of royal authority to 
this new appeal, he addressed it to Christian, Grand Duchess of Tuscany, the 
mother of Cosmo; and in this form it seems to have excited a new interest, as if it 
had expressed the opinion of the grand ducal family. These external 
circumstances gave additional weight to the powerful and unanswerable 
reasoning which this letter contains; and it was scarcely possible that any man, 
possessed of a sound mind, and willing to learn the truth, should refuse his 
assent to the judicious views of our author. He expresses his belief that the 
Scriptures were designed to instruct mankind respecting their salvation, and that 
the faculties of our minds were given us for the purpose of investigating the 
phenomena of nature. He considers Scripture and nature as proceeding from the 
same divine author, and, therefore, incapable of speaking a different language; 
and he points out the absurdity of supposing that professors of astronomy will 
shut their eyes to the phenomena which they discover in the heavens, or will 
refuse to believe those deductions of reason which appeal to their judgment with 
all the power of demonstration. He supports these views by quotations from the 
ancient fathers; and he refers to the dedication of Copernicus’s own work to the 
Roman Pontiff, Paul IHI., as a proof that the Pope himself did not regard the new 
system of the world as hostile to the sacred writings. Copernicus, on the 
contrary, tells his Holiness, that the reason of inscribing to him his new system 
was, that the authority of the Pontiff might put to silence the calumnies of some 
individuals, who attacked it by arguments drawn from passages of Scripture 
twisted for their own purpose. 

It was in vain to meet such reasoning by any other weapons than those of the 
civil power. The enemies of Galileo saw that they must either crush the 


dangerous innovation, or allow it the fullest scope; and they determined upon an 
appeal to the inquisition. Lorini, a monk of the Dominican order, had already 
denounced to this body Galileo’s letter to Castelli; and Caccini, bribed by the 
mastership of the convent of St Mary of Minerva, was invited to settle at Rome 
for the purpose of embodying the evidence against Galileo. 

Though these plans had been carried on in secret, yet Galileo’s suspicions 
were excited; and he obtained leave from Cosmo to go to Rome about the end of 
1615. Here he was lodged in the palace of the Grand Duke’s ambassador, and 
kept up a constant correspondence with the family of his patron at Florence; but, 
in the midst of this external splendour, he was summoned before the inquisition 
to answer for the heretical doctrines which he had published. He was charged 
with maintaining the motion of the earth, and the stability of the sun — with 
teaching this doctrine to his pupils — with corresponding on the subject with 
several German mathematicians — and with having published it, and attempted 
to reconcile it to Scripture, in his letters to Mark Velser in 1612. The inquisition 
assembled to consider these charges on the 25th of February 1615; and it was 
decreed that Galileo should be enjoined by Cardinal Bellarmine to renounce the 
obnoxious doctrines, and to pledge himself that he would neither teach, defend, 
nor publish them in future. In the event of his refusing to acquiesce in this 
sentence, it was decreed that he should be thrown into prison. Galileo did not 
hesitate to yield to this injunction. On the day following, the 26th of February, 
he appeared before Cardinal Bellarmine, to renounce his heretical opinions; and, 
having declared that he abandoned the doctrine of the earth’s motion, and would 
neither defend nor teach it, in his conversation or in his writings, he was 
dismissed from the bar of the inquisition. 

Having thus disposed of Galileo, the inquisition conceived the design of 
condemning the whole system of Copernicus as heretical. Galileo, with more 
hardihood than prudence, remained at Rome for the purpose of giving his 
assistance in frustrating this plan; but there is reason to think that he injured by 
his presence the very cause which he meant to support. The inquisitors had 
determined to put down the new opinions; and they now inserted among the 
prohibited books Galileo’s letters to Castelli and the Grand Duchess, Kepler’s 
epitome of the Copernican theory, and Copernicus’s own work on the 
revolutions of the heavenly bodies. 

Notwithstanding these proceedings, Galileo had an audience of the Pope, Paul 
V., in March 1616. He was received very graciously, and spent nearly an hour 
with his Holiness. When they were about to part, the Pope assured Galileo, that 
the congregation were not disposed to receive upon light grounds any calumnies 


which might be propagated by his enemies, and that, as long as he occupied the 
papal chair, he might consider himself as safe. 

These assurances were no doubt founded on the belief that Galileo would 
adhere to his pledges; but so bold and inconsiderate was he in the expression of 
his opinions, that even in Rome he was continually engaged in controversial 
discussions. The following very interesting account of these disputes is given by 
Querenghi, in a letter to the Cardinal D’ Este: — 

“Your eminence would be delighted with Galileo if you heard him holding 
forth, as he often does, in the midst of fifteen or twenty, all violently attacking 
him, sometimes in one house, sometimes in another. But he is armed after such 
fashion that he laughs all of them to scorn; and even if the novelty of his 
opinions prevents entire persuasion, he at least convicts of emptiness most of the 
arguments with which his adversaries endeavour to overwhelm him. He was 
particularly admirable on Monday last in the house of Signor Frederico 
Ghisilieri; and what especially pleased me was, that before replying to the 
contrary arguments, he amplified and enforced them with new grounds of great 
plausibility, so as to leave his adversaries in a more ridiculous plight, when he 
afterwards overturned them all.” 

The discovery of Jupiter’s satellites suggested to Galileo a new method of 
finding the longitude at sea. Philip HI. had encouraged astronomers to direct 
their attention to this problem, by offering a reward for its solution; and in those 
days, when new discoveries in science were sometimes rejected as injurious to 
mankind, it was no common event to see a powerful sovereign courting the 
assistance of astronomers in promoting the commercial interests of his empire. 
Galileo seems to have regarded the solution of this problem as an object worthy 
of his ambition; and he no doubt anticipated the triumph which he would obtain 
over his enemies, if the Medicean stars, which they had treated with such 
contempt, could be made subservient to the great interests of mankind. During 
his residence at Rome in 1615 and 1616, Galileo had communicated his views 
on this subject to the Comte di Lemos, the Viceroy of Naples, who had presided 
over the council of the Spanish Indies. This nobleman advised him to apply to 
the Spanish minister the Duke of Lerma; and, through the influence of the Grand 
Duke Cosmo, his ambassador at the court of Madrid was engaged to manage the 
affair. The anxiety of Galileo on this subject was singularly great. He assured the 
Tuscan ambassador that, in order to accomplish this object, “he was ready to 
leave all his comforts, his country, his friends, and his family, to cross over into 
Spain, and to stay as long as he might be wanted at Seville or at Lisbon, or 
wherever it might be convenient to communicate a knowledge of his method.” 
The lethargy of the Spanish court seems to have increased with the enthusiasm 


of Galileo; and though the negotiations were occasionally revived for ten or 
twelve years, yet no steps were taken to bring them to a close. This strange 
procrastination has been generally ascribed to jealousy or indifference on the 
part of Spain; but Nelli, one of Galileo’s biographers, declares, on the authority 
of Florentine records, that Cosmo had privately requested from the government 
the privilege of sending annually to the Spanish Indies two Leghorn 
merchantmen free of duty, as a compensation for the loss of Galileo! 

The failure of this negotiation must have been a source of extreme 
mortification to the high spirit and sanguine temperament of Galileo. He had 
calculated, however, too securely on his means of putting the new method to a 
successful trial. The great imperfection of the time-keepers of that day, and the 
want of proper telescopes, would have baffled him in all his efforts, and he 
would have been subject to a more serious mortification from the failure and 
rejection of his plan, than that which he actually experienced from the avarice of 
his patron, or the indifference of Spain. Even in the present day, no telescope has 
been invented which is capable of observing at sea the eclipses of Jupiter’s 
satellites; and though this method of finding the longitude has great advantages 
on shore, yet it has been completely abandoned at sea, and superseded by easier 
and more correct methods. 

In the year 1618, when no fewer than three comets visited our system, and 
attracted the attention of all the astronomers of Europe, Galileo was 
unfortunately confined to his bed by a severe illness; but, though he was unable 
to make a single observation upon these remarkable bodies, he contrived to 
involve himself in the controversies which they occasioned. Marco Guiducci, an 
astronomer of Florence, and a friend of Galileo, had delivered a discourse on 
comets before the Florentine Academy. The heads of this discourse, which was 
published in 1619, were supposed to have been communicated to him by 
Galileo, and this seems to have been universally admitted during the controversy 
to which it gave rise. The opinion maintained in this treatise, that comets are 
nothing but meteors which occasionally appear in our atmosphere, like halos and 
rainbows, savours so little of the sagacity of Galileo that we should be disposed 
to question its paternity. His inability to partake in the general interest which 
these three comets excited, and to employ his powerful telescope in observing 
their phenomena, and their movements, might have had some slight share in the 
formation of an opinion which deprived them of their importance as celestial 
bodies. But, however this may have been, the treatise of Guiducci afforded a 
favourable point of attack to Galileo’s enemies, and the dangerous task was 
entrusted to Horatio Grassi, a learned Jesuit, who, in a work entitled The 


Astronomical and Philosophical Balance, criticised the discourse on comets, 
under the feigned name of Lotario Sarsi. 

Galileo replied to this attack in a volume entitled I] Saggiatore, or The 
Assayer, which, owing to the state of his health, was not published till the 
autumn of 1623. This work was written in the form of a letter to Virginio 
Cesarini, a member of the Lynceean Academy, and master of the chamber to 
Urban VII., who had just ascended the papal throne. It was dedicated to the 
Pontiff himself, and has been long celebrated among literary men for the beauty 
of its language, though it is doubtless one of the least important of Galileo’s 
writings. 


CHAPTER V. 


Urban VIII., Galileo’s friend, raised to the Pontificate — Galileo goes to Rome 
to offer his congratulations — The Pope loads Galileo with presents, and 
promises a Pension to his Son — Galileo in pecuniary difficulties, owing to the 
death of his patron, Cosmo — Galileo again rashly attacks the Church, 
notwithstanding the Pope’s kindness — He composes his System of the World, to 
demonstrate the Copernican System — Artfully obtains a license to print it — 
Nature of the work — Its influence on the public mind — The Pope resolves on 
suppressing it — Galileo summoned before the Inquisition — His Trial — His 
Defence — His formal abjuration of his opinions — Observations on his conduct 
— The Pope shews great indulgence to Galileo, who is allowed to return to his 
own house at Arcetri, as the place of his confinement. 


The succession of the Cardinal Maffeo Barberini to the papal throne, under 
the name of Urban VIII., was hailed by Galileo and his friends as an event 
favourable to the promotion of science. Urban had not only been the personal 
friend of Galileo and of Prince Cesi, the founder of the Lyncæan Academy, but 
had been intimately connected with that able and liberal association; and it was 
therefore deemed prudent to secure his favour and attachment. If Paul III. had, 
nearly a century before, patronised Copernicus, and accepted of the dedication of 
his great work, it was not unreasonable to expect that, in more enlightened times, 
another Pontiff might exhibit the same liberality to science. 

The plan of securing to Galileo the patronage of Urban VIII. seems to have 
been devised by Prince Cesi. Although Galileo had not been able for some years 
to travel, excepting in a litter, yet he was urged by the Prince to perform a 
journey to Rome, for the express purpose of congratulating his friend upon his 
elevation to the papal chair. This request was made in October 1623; and though 
Galileo’s health was not such as to authorise him to undergo so much fatigue, 
yet he felt the importance of the advice, and, after visiting Cesi at Acqua Sparta, 
he arrived at Rome in the spring of 1624. The reception which he here 
experienced far exceeded his most sanguine expectations. During the two 
months which he spent in the capital he was permitted to have no fewer than six 
long and gratifying audiences of the Pope. The kindness of his Holiness was of 
the most marked description. He not only loaded Galileo with presents, and 
promised him a pension for his son Vincenzo, but he wrote a letter to Ferdinand, 
who had just succeeded Cosmo as Grand Duke of Tuscany, recommending 
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Galileo to his particular patronage. “For we find in him,” says he, “not only 
literary distinction, but the love of piety; and he is strong in those qualities by 
which Pontifical good-will is easily obtained. And now, when he has been 
brought to this city to congratulate us on our elevation, we have very lovingly 
embraced him; nor can we suffer him to return to the country whither your 
liberality recalls him, without an ample provision of Pontifical love. And that 
you may know how dear he is to us, we have willed to give him this honourable 
testimonial of virtue and piety. And we further signify, that every benefit which 
you shall confer upon him, imitating or even surpassing your father’s liberality, 
will conduce to our gratification.” 

Not content with thus securing the friendship of the Pope, Galileo 
endeavoured to bespeak the good-will of the Cardinals towards the Copernican 
system. He had, accordingly, many interviews with several of these dignitaries; 
and he was assured, by Cardinal Hohenzoller, that in a representation which he 
had made to the Pope on the subject of Copernicus, he stated to his Holiness, 
“that as all the heretics considered that system as undoubted, it would be 
necessary to be very circumspect in coming to any resolution on the subject.” To 
this remark his Holiness replied— “that the church had not condemned this 
system; and that it should not be condemned as heretical, but only as rash;” and 
he added, “that there was no fear of any person undertaking to prove that it must 
necessarily be true.” 

The recent appointment of the Abbé Castelli, the friend and pupil of Galileo, 
to be mathematician to the Pope, was an event of a most gratifying nature; and 
when we recollect that it was to Castelli that he addressed the famous letter 
which was pronounced heretical by the Inquisition, we must regard it also as an 
event indicative of a new and favourable feeling towards the friends of science. 
The opinions of Urban, indeed, had suffered no change. He was one of the few 
Cardinals who had opposed the inquisitorial decree of 1616, and his subsequent 
demeanour was in every respect conformable to the liberality of his early views. 
The sincerity of his conduct was still further evinced by the grant of a pension of 
one hundred crowns to Galileo, a few years after his visit to Rome; though there 
is reason to think that this allowance was not regularly paid. 

The death of Cosmo, whose liberality had given him both affluence and 
leisure, threatened Galileo with pecuniary difficulties. He had been involved in a 
“great load of debt,” owing to the circumstances of his brother’s family; and, in 
order to relieve himself, he had requested Castelli to dispose of the pension of 
his son Vincenzo. In addition to this calamity he was now alarmed at the 
prospect of losing his salary as an extraordinary professor at Pisa. The great 
youth of Ferdinand, who was scarcely of age, induced Galileo’s enemies, in 


1629, to raise doubts respecting the payment of a salary to a professor who 
neither resided nor lectured in the university; but the question was decided in his 
favour, and we have no doubt that the decision was facilitated by the friendly 
recommendation of the Pope, to which we have already referred. 

Although Galileo had made a narrow escape from the grasp of the Inquisition, 
yet he was never sufficiently sensible of the lenity which he experienced. When 
he left Rome in 1616, under the solemn pledge of never again teaching the 
obnoxious doctrine, it was with a hostility against the church, suppressed but 
deeply cherished; and his resolution to propagate the heresy seems to have been 
coeval with the vow by which he renounced it. In the year 1618, when he 
communicated his theory of the tides to the Archduke Leopold, he alludes in the 
most sarcastic manner to the conduct of the church. The same hostile tone, more 
or less, pervaded all his writings, and, while he laboured to sharpen the edge of 
his satire, he endeavoured to guard himself against its effects, by an affectation 
of the humblest deference to the decisions of theology. Had Galileo stood alone, 
his devotion to science might have withdrawn him from so hopeless a contest; 
but he was spurred on by the violence of a party. The Lyncean Academy never 
scrupled to summon him from his researches. They placed him in the forlorn 
hope of their combat, and he at last fell a victim to the rashness of his friends. 

But whatever allowance we may make for the ardour of Galileo’s temper, and 
the peculiarity of his position; and however we may justify and even approve of 
his past conduct, his visit to Urban VIII., in 1624, placed him in a new relation to 
the church, which demanded on his part a new and corresponding demeanour. 
The noble and generous reception which he met with from Urban, and the liberal 
declaration of Cardinal Hohenzoller on the subject of the Copernican system, 
should have been regarded as expressions of regret for the past, and offers of 
conciliation for the future. Thus honoured by the head of the church, and 
befriended by its dignitaries, Galileo must have felt himself secure against the 
indignities of its lesser functionaries, and in the possession of the fullest license 
to prosecute his researches and publish his discoveries, provided he avoided that 
dogma of the church which, even in the present day, it has not ventured to 
renounce. But Galileo was bound to the Romish hierarchy by even stronger ties. 
His son and himself were pensioners of the church, and, having accepted of its 
alms, they owed to it, at least, a decent and respectful allegiance. The pension 
thus given by Urban was not a remuneration which sovereigns sometimes award 
to the services of their subjects. Galileo was a foreigner at Rome. The sovereign 
of the papal state owed him no obligation; and hence we must regard the pension 
of Galileo as a donation from the Roman Pontiff to science itself, and as a 
declaration to the Christian world that religion was not jealous of philosophy, 


and that the church of Rome was willing to respect and foster even the genius of 
its enemies. 

Galileo viewed all these circumstances in a different light. He resolved to 
compose a work in which the Copernican system should be demonstrated; but he 
had not the courage to do this in a direct and open manner. He adopted the plan 
of discussing the subject in a dialogue between three speakers, in the hope of 
eluding by this artifice the censure of the church. This work was completed in 
1630, but, owing to some difficulties in obtaining a license to print it, it was not 
published till 1632. 

In obtaining this license, Galileo exhibited considerable address, and his 
memory has not escaped from the imputation of having acted unfairly, and of 
having involved his personal friends in the consequences of his imprudence. 

The situation of master of the palace was, fortunately for Galileo’s designs, 
filled by Nicolo Riccardi, a friend and pupil of his own. This officer was a sort 
of censor of new publications, and when he was applied to on the subject of 
printing his work, Galileo soon found that attempts had previously been made to 
thwart his views. He instantly set off for Rome, and had an interview with his 
friend, who was in every respect anxious to oblige him. Riccardi examined the 
manuscript, pointed out some incautious expressions which he considered it 
necessary to erase, and returned it with his written approbation, on the 
understanding that the alterations he suggested would be made. Dreading to 
remain in Rome during the unhealthy season, which was fast approaching, 
Galileo returned to Florence, with the intention of completing the index and 
dedication, and of sending the MS. to Rome, to be printed under the care of 
Prince Cesi. The death of that distinguished individual, in August 1630, 
frustrated Galileo’s plan, and he applied for leave to have the book printed in 
Florence. Riccardi was at first desirous to examine the MS. again, but, after 
inspecting only the beginning and the end of it, he gave Galileo leave to print it 
wherever he chose, providing it bore the license of the Inquisitor-General of 
Florence, and one or two other persons whom he named. 

Having overcome all these difficulties, Galileo’s work was published in 1632, 
under the title of “The System of the World of Galileo Galilei, &c., in which, in 
four dialogues concerning the two principal systems of the world — the 
Ptolemaic and the Copernican — he discusses, indeterminately and firmly, the 
arguments proposed on both sides.” It is dedicated to Ferdinand, Grand Duke of 
Tuscany, and is prefaced by an “Address to the prudent reader,” which is itself 
characterised by the utmost imprudence. He refers to the decree of the 
Inquisition in the most insulting and ironical language. He attributes it to passion 
and to ignorance, not by direct assertion, but by insinuations ascribed to others; 


and he announces his intention to defend the Copernican system, as a pure 
mathematical hypothesis, and not as an opinion having an advantage over that of 
the stability of the earth absolutely. The dialogue is conducted by three persons, 
Salviati, Sagredo, and Simplicio. Salviati, who is the true philosopher in the 
dialogue, was the real name of a nobleman whom we have already had occasion 
to mention. Sagredo, the name of another noble friend of Galileo’s, performs a 
secondary part under Salviati. He proposes doubts, suggests difficulties, and 
enlivens the gravity of the dialogue with his wit and pleasantry. Simplicio is a 
resolute follower of Ptolemy and Aristotle, and, with a proper degree of candour 
and modesty, he brings forward all the common arguments in favour of the 
Ptolemaic system. Between the wit of Sagredo, and the powerful philosophy of 
Salviati, the peripatetic sage is baffled in every discussion; and there can be no 
doubt that Galileo aimed a more fatal blow at the Ptolemaic system by this mode 
of discussing it, than if he had endeavoured to overturn it by direct arguments. 

The influence of this work on the public mind was such as might have been 
anticipated. The obnoxious doctrines which it upheld were eagerly received, and 
widely disseminated; and the church of Rome became sensible of the shock 
which was thus given to its intellectual supremacy. Pope Urban VIII., attached 
though he had been to Galileo, never once hesitated respecting the line of 
conduct which he felt himself bound to pursue. His mind was, nevertheless, 
agitated with conflicting sentiments. He entertained a sincere affection for 
science and literature, and yet he was placed in the position of their enemy. He 
had been the personal friend of Galileo, and yet his duty compelled him to 
become his accuser. Embarrassing as these feelings were, other considerations 
contributed to soothe him. He had, in his capacity of a Cardinal, opposed the 
first persecution of Galileo. He had, since his elevation to the pontificate, traced 
an open path for the march of Galileo’s discoveries; and he had finally 
endeavoured to bind the recusant philosopher by the chains of kindness and 
gratitude. All these means, however, had proved abortive, and he was now called 
upon to support the doctrine which he had subscribed, and administer the law of 
which he was the guardian. 

It has been supposed, without any satisfactory evidence, that Urban may have 
been influenced by less creditable motives. Salviati and Sagredo being well- 
known personages, it was inferred that Simplicio must also have a 
representative. The enemies of Galileo are said to have convinced his Holiness 
that Simplicio was intended as a portraiture of himself; and this opinion received 
some probability from the fact, that the peripatetic disputant had employed many 
of the arguments which Urban had himself used in his discussions with Galileo. 
The latest biographer of Galileo regards this motive as necessary to account for 


“the otherwise inexplicable change which took place in the conduct of Urban to 
his old friend;” — but we cannot admit the truth of this supposition. The church 
had been placed in hostility to a powerful and liberal party, which was adverse to 
its interests. The dogmas of the Catholic faith had been brought into direct 
collision with the deductions of science. The leader of the philosophic band had 
broken the most solemn armistice with the Inquisition: he had renounced the ties 
of gratitude which bound him to the Pontiff; and Urban was thus compelled to 
entrench himself in a position to which he had been driven by his opponents. 

The design of summoning Galileo before the Inquisition, seems to have been 
formed almost immediately after the publication of his book; for even in August 
1632, the preliminary proceedings had reached the ears of the Grand Duke 
Ferdinand. The Tuscan ambassador at Rome was speedily acquainted with the 
dissatisfaction which his Sovereign felt at these proceedings; and he was 
instructed to forward to Florence a written statement of the charges against 
Galileo, in order to enable him to prepare for his defence. Although this request 
was denied, Ferdinand again interposed, and transmitted a letter to his 
ambassador, recommending the admission of Campanella and Castelli into the 
congregation of ecclesiastics by whom Galileo was to be judged. Circumstances, 
however, rendered it prudent to withhold this letter. Castelli was sent away from 
Rome, and Scipio Chiaramonte, a bigotted ecclesiastic, was summoned from 
Pisa to complete the number of the judges. 

It appears from a despatch of the Tuscan minister, that Ferdinand was enraged 
at the transaction; and he instructed his ambassador, Niccolini, to make the 
strongest representations to the Pope. Niccolini had several interviews with his 
Holiness; but all his expostulations were fruitless. He found Urban highly 
incensed against Galileo; and his Holiness begged Niccolini to advise the 
Archduke not to interfere any farther, as he would not “get through it with 
honour.” On the 15th of September the Pope caused it to be intimated to 
Niccolini, as a mark of his especial esteem for the Grand Duke, that he was 
obliged to refer the work to the Inquisition; but both the prince and his 
ambassador were declared liable to the usual censures if they divulged the secret. 

From the measures which this tribunal had formerly pursued, it was not 
difficult to foresee the result of their present deliberations. They summoned 
Galileo to appear before them at Rome, to answer in person the charges under 
which he lay. The Tuscan ambassador expostulated warmly with the court of 
Rome on the inhumanity of this proceeding. He urged his advanced age, his 
infirm health, the discomforts of the journey, and the miseries of the quarantine, 
as motives for reconsidering their decision: But the Pope was inexorable, and 
though it was agreed to relax the quarantine as much as possible in his favour, 


yet it was declared indispensable that he should appear in person before the 
Inquisition. 

Worn out with age and infirmities, and exhausted with the fatigues of his 
journey, Galileo arrived at Rome on the 14th of February, 1633. The Tuscan 
ambassador announced his arrival in an official form to the commissary of the 
holy office, and Galileo awaited in calm dignity the approach of his trial. Among 
those who proffered their advice in this distressing emergency, we must 
enumerate the Cardinal Barberino, the Pope’s nephew, who, though he may have 
felt the necessity of an interference on the part of the church, was yet desirous 
that it should be effected with the least injury to Galileo and to science. He 
accordingly visited Galileo, and advised him to remain as much at home as 
possible, to keep aloof from general society, and to see only his most intimate 
friends. The same advice was given from different quarters; and Galileo, feeling 
its propriety, remained in strict seclusion in the palace of the Tuscan 
ambassador. 

During the whole of the trial which had now commenced, Galileo was treated 
with the most marked indulgence. Abhorring, as we must do, the principles and 
practice of this odious tribunal, and reprobating its interference with the cautious 
deductions of science, we must yet admit that, on this occasion, its deliberations 
were not dictated by passion, nor its power directed by vengeance. Though 
placed at their judgment-seat as a heretic, Galileo stood there with the 
recognised attributes of a sage; and though an offender against the laws of which 
they were the guardian, yet the highest respect was yielded to his genius, and the 
kindest commiseration to his infirmities. 

In the beginning of April, when his examination in person was to commence, 
it became necessary that he should be removed to the holy office; but instead of 
committing him, as was the practice, to solitary confinement, he was provided 
with apartments in the house of the fiscal of the Inquisition. His table was 
provided by the Tuscan ambassador, and his servant was allowed to attend him 
at his pleasure, and to sleep in an adjoining apartment. Even this nominal 
confinement, however, Galileo’s high spirit was unable to brook. An attack of 
the disease to which he was constitutionally subject contributed to fret and 
irritate him, and he became impatient for a release from his anxiety as well as 
from his bondage. Cardinal Barberino seems to have received notice of the state 
of Galileo’s feelings, and, with a magnanimity which posterity will ever honour, 
he liberated the philosopher on his own responsibility; and in ten days after his 
first examination, and on the last day of April, he was restored to the hospitable 
roof of the Tuscan ambassador. 


Though this favour was granted on the condition of his remaining in strict 
seclusion, Galileo recovered his health, and to a certain degree his usual hilarity, 
amid the kind attentions of Niccolini and his family; and when the want of 
exercise had begun to produce symptoms of indisposition, the Tuscan minister 
obtained for him leave to go into the public gardens in a half-closed carriage. 

After the Inquisition had examined Galileo personally, they allowed him a 
reasonable time for preparing his defence. He felt the difficulty of adducing any 
thing like a plausible justification of his conduct; and he resorted to an 
ingenious, though a shallow artifice, which was regarded by the court as an 
aggravation of the crime. After his first appearance before the Inquisition in 
1616, he was publicly and falsely charged by his enemies with having then 
abjured his opinions; and he was taunted as a criminal who had been actually 
punished for his offences. As a refutation of these calumnies, Cardinal 
Bellarmine had given him a certificate in his own handwriting, declaring that he 
neither abjured his opinions, nor suffered punishment for them; and that the 
doctrine of the earth’s motion, and the sun’s stability, was only denounced to 
him as contrary to Scripture, and as one which could not be defended. To this 
certificate the Cardinal did not add, because he was not called upon to do it, that 
Galileo was enjoined not to teach in any manner the doctrine thus denounced; 
and Galileo ingeniously avails himself of this supposed omission, to account for 
his having, in the lapse of fourteen or sixteen years, forgotten the injunction. He 
assigned the same excuse for his having omitted to mention this injunction to 
Riccardi, and to the Inquisitor-General at Florence, when he obtained the licence 
to print his Dialogues. The court held the production of this certificate to be at 
once a proof and an aggravation of his offence, because the certificate itself 
declared that the obnoxious doctrines had been pronounced contrary to the Holy 
Scriptures. 

Having duly weighed the confessions and excuses of their prisoner, and 
considered the general merits of the case, the Inquisition came to an agreement 
upon the sentence which they were to pronounce, and appointed the 22d of June 
as the day on which it was to be delivered. Two days previous to this, Galileo 
was summoned to appear at the holy office; and on the morning of the 21st, he 
obeyed the summons. On the 22d of June he was clothed in a penitential dress, 
and conducted to the convent of Minerva, where the Inquisition was assembled 
to give judgment. A long and elaborate sentence was pronounced, detailing the 
former proceedings of the Inquisition, and specifying the offences which he had 
committed in teaching heretical doctrines, in violating his former pledges, and in 
obtaining by improper means a license for the printing of his Dialogues. After an 
invocation of the name of our Saviour, and of the Holy Virgin, Galileo is 


declared to have brought himself under strong suspicions of heresy, and to have 
incurred all the censures and penalties which are enjoined against delinquents of 
this kind; but from all these consequences he is to be held absolved, provided 
that with a sincere heart, and a faith unfeigned, he abjures and curses the heresies 
he has cherished, as well as every other heresy against the Catholic church. In 
order that his offence might not go altogether unpunished, that he might be more 
cautious in future, and be a warning to others to abstain from similar 
delinquencies, it was also decreed that his Dialogues should be prohibited by 
public edict; that he himself should be condemned to the prison of the 
Inquisition during their pleasure, and that, in the course of the next three years, 
he should recite once a week the seven penitential psalms. 

The ceremony of Galileo’s abjuration was one of exciting interest, and of 
awful formality. Clothed in the sackcloth of a repentant criminal, the venerable 
sage fell upon his knees before the assembled Cardinals; and laying his hands 
upon the Holy Evangelists, he invoked the Divine aid in abjuring and detesting, 
and vowing never again to teach, the doctrine of the earth’s motion, and of the 
sun’s stability. He pledged himself that he would never again, either in words or 
in writing, propagate such heresies; and he swore that he would fulfil and 
observe the penances which had been inflicted upon him. At the conclusion of 
this ceremony, in which he recited his abjuration word for word, and then signed 
it, he was conveyed, in conformity with his sentence, to the prison of the 
Inquisition. 

The account which we have now given of the trial and the sentence of 
Galileo, is pregnant with the deepest interest and instruction. Human nature is 
here drawn in its darkest colouring; and in surveying the melancholy picture, it is 
difficult to decide whether religion or philosophy has been most degraded. While 
we witness the presumptuous priest pronouncing infallible the decrees of his 
own erring judgment, we see the high-minded philosopher abjuring the eternal 
and immutable truths which he had himself the glory of establishing. In the 
ignorance and prejudices of the age — in a too literal interpretation of the 
language of Scripture — in a mistaken respect for the errors that had become 
venerable from their antiquity — and in the peculiar position which Galileo had 
taken among the avowed enemies of the church, we may find the elements of an 
apology, poor though it be, for the conduct of the Inquisition. But what excuse 
can we devise for the humiliating confession and abjuration of Galileo? Why did 
this master-spirit of the age — this high-priest of the stars — this representative 
of science — this hoary sage, whose career of glory was near its consummation 
— why did he reject the crown of martyrdom which he had himself coveted, and 
which, plaited with immortal laurels, was about to descend upon his head? If, in 


place of disavowing the laws of Nature, and surrendering in his own person the 
intellectual dignity of his species, he had boldly asserted the truth of his 
opinions, and confided his character to posterity, and his cause to an all-ruling 
Providence, he would have strung up the hair-suspended sabre, and disarmed for 
ever the hostility which threatened to overwhelm him. The philosopher, 
however, was supported only by philosophy; and in the love of truth he found a 
miserable substitute for the hopes of the martyr. Galileo cowered under the fear 
of man, and his submission was the salvation of the church. The sword of the 
Inquisition descended on his prostrate neck; and though its stroke was not 
physical, yet it fell with a moral influence fatal to the character of its victim, and 
to the dignity of science. 

In studying with attention this portion of scientific history, the reader will not 
fail to perceive that the Church of Rome was driven into a dilemma, from which 
the submission and abjuration of Galileo could alone extricate it. He who 
confesses a crime and denounces its atrocity, not only sanctions but inflicts the 
punishment which is annexed to it. Had Galileo declared his innocence, and 
avowed his sentiments, and had he appealed to the past conduct of the Church 
itself, to the acknowledged opinions of its dignitaries, and even to the acts of its 
pontiffs, he would have at once confounded his accusers, and escaped from their 
toils. After Copernicus, himself a catholic priest, had openly maintained the 
motion of the earth, and the stability of the sun: — after he had dedicated the 
work which advocated these opinions to Pope Paul HI., on the express ground 
that the authority of the pontiff might silence the calumnies of those who 
attacked these opinions by arguments drawn from Scripture: — after the 
Cardinal Schonberg and the Bishop of Culm had urged Copernicus to publish the 
new doctrines; — and after the Bishop of Ermeland had erected a monument to 
commemorate his great discoveries; — how could the Church of Rome have 
appealed to its pontifical decrees as the ground of persecuting and punishing 
Galileo? Even in later times, the same doctrines had been propagated with entire 
toleration: Nay, in the very year of Galileo’s first persecution, Paul Anthony 
Foscarinus, a learned Carmelite monk, wrote a pamphlet, in which he illustrates 
and defends the mobility of the earth, and endeavours to reconcile to this new 
doctrine the passages of Scripture which had been employed to subvert it. This 
very singular production was dated from the Carmelite convent at Naples; was 
dedicated to the very reverend Sebastian Fantoni, general of the Carmelite order; 
and, sanctioned by the ecclesiastical authorities, it was published at Naples in 
1615, the very year of the first persecution of Galileo. 

Nor was this the only defence of the Copernican system which issued from 
the bosom of the Church. Thomas Campanella, a Calabrian monk, published, in 


1622, “An Apology for Galileo,’ and he even dedicates it to D. Boniface, 
Cardinal of Cajeta. Nay, it appears from the dedication, that he undertook the 
work at the command of the Cardinal, and that the examination of the question 
had been entrusted to the Cardinal by the Holy Senate. After an able defence of 
his friend, Campanella refers, at the conclusion of his apology, to the 
suppression of Galileo’s writings, and justly observes, that the effect of such a 
measure would be to make them more generally read, and more highly esteemed. 
The boldness of the apologist, however, is wisely tempered with the humility of 
the ecclesiastic, and he concludes his work with the declaration, that in all his 
opinions, whether written or to be written, he submits himself to the opinions of 
the Holy Mother Church of Rome and to the judgment of his superiors. 

By these proceedings of the dignitaries, as well as the clergy of the Church of 
Rome, which had been tolerated for more than a century, the decrees of the 
pontiffs against the doctrine of the earth’s motion were virtually repealed; and 
Galileo might have pleaded them with success in arrest of judgment. 
Unfortunately, however, for himself and for science, he acted otherwise. By 
admitting their authority, he revived in fresh force these obsolete and obnoxious 
enactments; and, by yielding to their power, he riveted for another century the 
almost broken chains of spiritual despotism. 

It is a curious fact in the annals of heresy and sedition, that opinions 
maintained with impunity by one individual, have, in the same age, brought 
others to the stake or to the scaffold. The results of deep research or extravagant 
speculation seldom provoke hostility, when meekly announced as the deductions 
of reason or the convictions of conscience. As the dreams of a recluse or of an 
enthusiast, they may excite pity or call forth contempt; but, like seed quietly cast 
into the earth, they will rot and germinate according to the vitality with which 
they are endowed. But, if new and startling opinions are thrown in the face of the 
community — if they are uttered in triumph or in insult — in contempt of public 
opinion, or in derision of cherished errors, they lose the comeliness of truth in 
the rancour of their propagation; and they are like seed scattered in a hurricane, 
which only irritates and blinds the husbandman. Had Galileo concluded his 
System of the World with the quiet peroration of his apologist Campanella, and 
dedicated it to the Pope, it might have stood in the library of the Vatican, beside 
the cherished though equally heretical volume of Copernicus. 

In the abjuration of his opinions by Galileo, Pope Urban VII. did not fail to 
observe the full extent of his triumph; and he exhibited the utmost sagacity in the 
means which he employed to secure it. While he endeavoured to overawe the 
enemies of the church by the formal promulgation of Galileo’s sentence and 
abjuration, and by punishing the officials who had assisted in obtaining the 


license to print his work, he treated Galileo with the utmost lenity, and yielded to 
every request that was made to diminish, and almost suspend, the constraint 
under which he lay. The sentence of abjuration was ordered to be publicly read 
at several universities. At Florence the ceremonial was performed in the church 
of Santa Croce, and the friends and disciples of Galileo were especially 
summoned to witness the public degradation of their master. The inquisitor at 
Florence was ordered to be reprimanded for his conduct; and Riccardi, the 
master of the sacred palace, and Ciampoli, the secretary of Pope Urban himself, 
were dismissed from their situations. 

Galileo had remained only four days in the prison of the Inquisition, when, on 
the application of Niccolini, the Tuscan ambassador, he was allowed to reside 
with him in his palace. As Florence still suffered under the contagious disease 
which we have already mentioned, it was proposed that Sienna should be the 
place of Galileo’s confinement, and that his residence should be in one of the 
convents of that city. Niccolini, however, recommended the palace of the 
Archbishop Piccolomoni as a more suitable residence; and though the 
Archbishop was one of Galileo’s best friends, the Pope agreed to the 
arrangement, and in the beginning of July Galileo quitted Rome for Sienna. 

After having spent nearly six months under the hospitable roof of his friend, 
with no other restraint than that of being confined to the limits of the palace, 
Galileo was permitted to return to his villa near Florence under the same 
restrictions; and as the contagious disease had disappeared in Tuscany, he was 
able in the month of December to re-enter his own house at Arcetri, where he 
spent the remainder of his days. 


CHAPTER VI. 


Galileo loses his favourite Daughter — He falls into a state of melancholy and 
ill health — Is allowed to go to Florence for its recovery in 1638 — But is 
prevented from leaving his House or receiving his Friends — His friend Castelli 
permitted to visit him in the presence of an Officer of the Inquisition — He 
composes his celebrated Dialogues on Local Motion — Discovers the Moon’s 
Libration — Loses the sight of one Eye — The other Eye attacked by the same 
Disease — Is struck blind — Negociates with the Dutch Government respecting 
his Method of finding the Longitude — He is allowed free intercourse with his 
Friends — His Illness and Death in 1642 — His Epitaph — His Social, Moral, 
and Scientific Character. 


Although Galileo had now the happiness of rejoining his family under their 
paternal roof, yet, like all sublunary blessings, it was but of short duration. His 
favourite daughter Maria, who along with her sister had joined the convent of St 
Matthew in the neighbourhood of Arcetri, had looked forward to the arrival of 
her father with the most affectionate anticipations. She hoped that her filial 
devotion might form some compensation for the malignity of his enemies, and 
she eagerly assumed the labour of reciting weekly the seven penitentiary psalms 
which formed part of her father’s sentence. These sacred duties, however, were 
destined to terminate almost at the moment they were begun. She was seized 
with a fatal illness in the same month in which she rejoined her parent, and 
before the month of April she was no more. This heavy blow, so suddenly 
struck, overwhelmed Galileo in the deepest agony. Owing to the decline of his 
health, and the recurrence of his old complaints, he was unable to oppose to this 
mental suffering the constitutional energy of his mind. The bulwarks of his heart 
broke down, and a flood of grief desolated his manly and powerful mind. He 
felt, as he expressed it, that he was incessantly called by his daughter — his 
pulse intermitted — his heart was agitated with unceasing palpitations — his 
appetite entirely left him, and he considered his dissolution so near at hand, that 
he would not permit his son Vicenzo to set out upon a journey which he had 
contemplated. 

From this state of melancholy and indisposition, Galileo slowly, though 
partially, recovered, and, with the view of obtaining medical assistance, he 
requested leave to go to Florence. His enemies, however, refused this 
application, and he was given to understand that any additional importunities 


would be visited with a more vigilant surveillance. He remained, therefore, five 
years at Arcetri, from 1634 to 1638, without any remission of his confinement, 
and pursuing his studies under the influence of a continued and general 
indisposition. 

There is no reason to think that Galileo or his friends renewed their 
application to the Church of Rome; but, in 1638, the Pope transmitted, through 
the Inquisitor Fariano, his permission that he might remove to Florence for the 
recovery of his health, on the condition that he should present himself at the 
office of the Inquisitor to learn the terms upon which this indulgence was 
granted. Galileo accepted of the kindness thus unexpectedly proffered. But the 
conditions upon which it was given were more severe than he expected. He was 
prohibited from leaving his house or admitting his friends; and so sternly was 
this system pursued, that he required a special order for attending mass during 
passion week. 

The severity of this order was keenly felt by Galileo. While he remained at 
Arcetri, his seclusion from the world would have been an object of choice, if it 
had not been the decree of a tribunal; but to be debarred from the conversation of 
his friends in Florence — in that city where his genius had been idolised, and 
where his fame had become immortal, was an aggravation of punishment which 
he was unable to bear. With his accustomed kindness, the Grand Duke made a 
strong representation on the subject to his ambassador at the Court of Rome. He 
stated that, from his great age and infirmities, Galileo’s career was near its close; 
that he possessed many valuable ideas, which the world might lose if they were 
not matured and conveyed to his friends; and that Galileo was anxious to make 
these communications to Father Castelli, who was then a stipendiary of the 
Court of Rome. The Grand Duke commanded his ambassador to see Castelli on 
the subject — to urge him to obtain leave from the Pope to spend a few months 
in Florence — and to supply him with money and every thing that was necessary 
for his journey. Influenced by this kind and liberal message, Castelli obtained an 
audience of the Pope, and requested leave to pay a visit to Florence. Urban 
instantly suspected the object of his journey; and, upon Castelli’s acknowledging 
that he could not possibly refrain from seeing Galileo, he received permission to 
visit him in the company of an officer of the Inquisition. Castelli accordingly 
went to Florence, and, a few months afterwards, Galileo was ordered to return to 
Arcetri. 

During Galileo’s confinement at Sienna and Arcetri, between 1633 and 1638, 
his time was principally occupied in the composition of his “Dialogues on Local 
Motion,” in which he treats of the strength and cohesion of solid bodies, of the 
laws of uniform and accelerated motions, of the motion of projectiles, and of the 


centre of gravity of solids. This remarkable work, which was considered by its 
author as the best of his productions, was printed by Louis Elzevir, at 
Amsterdam, and dedicated to the Count de Noailles, the French ambassador at 
Rome. Various attempts to have it printed in Germany had failed; and, in order 
to save himself from the malignity of his enemies, he was obliged to pretend that 
the edition published in Holland had been printed from a MS. entrusted to the 
French ambassador. 

Although Galileo had for a long time abandoned his astronomical studies, yet 
his attention was directed, about the year 1636, to a curious appearance in the 
lunar disc, which is known by the name of the moon’s libration. When we 
examine with a telescope the outline of the moon, we observe that certain parts 
of her disc, which are seen at one time, are invisible at another. This change or 
libration is of four different kinds, viz. the diurnal libration, the libration in 
longitude, the libration in latitude, and the spheroidal libration. Galileo 
discovered the first of these kinds of libration, and appears to have had some 
knowledge of the second; but the third was discovered by Hevelius, and the 
fourth by Lagrange. 

This curious discovery was the result of the last telescopic observations of 
Galileo. Although his right eye had for some years lost its power, yet his general 
vision was sufficiently perfect to enable him to carry on his usual researches. In 
1636, however, this affection of his eye became more serious; and, in 1637, his 
left eye was attacked with the same disease. His medical friends at first supposed 
that cataracts were formed in the crystalline lens, and anticipated a cure from the 
operation of couching. These hopes were fallacious. The disease turned out to be 
in the cornea, and every attempt to restore its transparency was fruitless. In a few 
months the white cloud covered the whole aperture of the pupil, and Galileo 
became totally blind. This sudden and unexpected calamity had almost 
overwhelmed Galileo and his friends. In writing to a correspondent he exclaims, 
“Alas! your dear friend and servant has become totally and irreparably blind. 
These heavens, this earth, this universe, which by wonderful observation I had 
enlarged a thousand times beyond the belief of past ages, are henceforth shrunk 
into the narrow space which I myself occupy. So it pleases God; it shall, 
therefore, please me also.” His friend, Father Castelli, deplores the calamity in 
the same tone of pathetic sublimity:— “The noblest eye,” says he, “which nature 
ever made, is darkened; an eye so privileged, and gifted with such rare powers, 
that it may truly be said to have seen more than the eyes of all that are gone, and 
to have opened the eyes of all that are to come.” 

Although Galileo had been thwarted in his attempt to introduce into the 
Spanish marine his new method of finding the longitude at sea, yet he never lost 


sight of an object to which he attached the highest importance. As the formation 
of correct tables of the motion of Jupiter’s satellites was a necessary preliminary 
to its introduction, he had occupied himself for twenty-four years in observations 
for this purpose, and he had made considerable progress in this laborious task. 
After the publication of his “Dialogues on Motion,” in 1636, he renewed his 
attempts to bring his method into actual use. For this purpose he addressed 
himself to Lorenzo Real, who had been the Dutch Governor-General in India, 
and offered the free use of his method to the States-General of Holland. The 
Dutch government received this proposal with an anxious desire to have it 
carried into effect. At the instigation of Constantine Huygens, the father of the 
illustrious Huygens, and the secretary to the Prince of Orange, they appointed 
commissioners to communicate with Galileo; and while they transmitted him a 
gold chain as a mark of their esteem, they at the same time assured him, that if 
his plan should prove successful it should not pass unrewarded. The 
commissioners entered into an active correspondence with Galileo, and had even 
appointed one of their number to communicate personally with him in Italy. Lest 
this, however, should excite the jealousy of the court of Rome, Galileo objected 
to the arrangement, so that the negociation was carried on solely by 
correspondence. 

It was at this time that Galileo was struck with blindness. His friend and 
pupil, Renieri, undertook in this emergency to arrange and complete his 
observations and calculations; but before he had made much progress in the 
arduous task, each of the four commissioners died in succession, and it was with 
great difficulty that Constantine Huygens succeeded in renewing the scheme. It 
was again obstructed, however, by the death of Galileo; and when Renieri was 
about to publish, by the order of the Grand Duke, the “Ephemeris,” and “Tables 
of the Jovian Planets,” he was attacked with a mortal disease, and the 
manuscripts of Galileo, which he was on the eve of publishing, were never more 
heard of. By such a series of misfortunes were the plans of Galileo and of the 
States-General completely overthrown. It is some consolation, however, to know 
that neither science nor navigation suffered any severe loss. Notwithstanding the 
perfection of our present tables of Jupiter’s satellites, and of the astronomical 
instruments by which their eclipses may be observed, the method of Galileo is 
still impracticable at sea. 

In consequence of the strict seclusion to which Galileo had been subjected, he 
was in the practice of dating his letters from his prison at Arcetri; but after he 
had lost the use of his eyes, the Inquisition seems to have relaxed its severity, 
and to have allowed him the freest intercourse with his friends. The Grand Duke 
of Tuscany paid him frequent visits; and among the celebrated strangers who 


came from distant lands to see the ornament of Italy, were Gassendi, Deodati, 
and our illustrious countryman Milton. During the last three years of his life, his 
eminent pupil Viviani formed one of his family; and in October 1641, the 
celebrated Torricelli, another of his pupils, was admitted to the same distinction. 

Though the powerful mind of Galileo still retained its vigour, yet his 
debilitated frame was exhausted with mental labour. He often complained that 
his head was too busy for his body; and the continuity of his studies was 
frequently broken with attacks of hypochondria, want of sleep, and acute 
rheumatic pains. Along with these calamities, he was afflicted with another still 
more severe — with deafness almost total; but though he was now excluded 
from all communication with the external world, yet his mind still grappled with 
the material universe, and while he was studying the force of percussion, and 
preparing for a continuation of his “Dialogues on Motion,” he was attacked with 
fever and palpitation of the heart, which, after continuing two months, 
terminated fatally on the 8th of January 1642, in the 78th year of his age. 

Having died in the character of a prisoner of the Inquisition, this odious 
tribunal disputed his right of making a will, and of being buried in consecrated 
ground. These objections, however, were withdrawn; but though a large sum was 
subscribed for erecting a monument to him in the church of Santa Croce, in 
Florence, the Pope would not permit the design to be carried into execution. His 
sacred remains were, therefore, deposited in an obscure corner of the church, and 
remained for more than thirty years unmarked with any monumental tablet. The 
following epitaph, given without any remark in the Leyden edition of his 
Dialogues, is, we presume, the one which was inscribed on a tablet in the church 
of Santa Croce: — 


Galileo Galilei Florentino, 

Philosopho et Geometre vere lynceo, 
Nature Œdipo, 

Mirabilium semper inventorum machinatori, 
Qui inconcessa adhuc mortalibus gloria 
Celorum provincias auxit 

Et universo dedit incrementum: 

Non enim vitreos spherarum orbes 
Fragilesque stellas conflavit: 

Sed æterna mundi corpore 

Mediceæ beneficentiæ dedicavit, 

Cujus inextincta gloriæ cupiditas 

Ut oculos nationum 


Seculorumque omnium 

Videre doceret, 

Proprios impendit oculos. 

Cum jam nil amplius haberet natura 
Quod ipse videret. 

Cujus inventa vix intra rerum limites comprehensa 
Firmamentum ipsum non solum continet, 
Sed etiam recipit. 

Qui relictis tot scientiarum monumentis 
Plura secum tulit, quam reliquit. 

Gravi enim 

Sed nondum affecta senectute, 

Novis contemplationibus 

Majorem gloriam affectans 

Inexplebilem sapientie animam 
Immaturo nobis obitu 

Exhalavit 

Anno Domini 

MCXLI. 

Ætatis sue 


LXXVIII. 


At his death, in 1703, Viviani purchased his property, with the charge of erecting 
a monument over Galileo’s remains and his own. This design was not carried 
into effect till 1737, at the expense of the family of Nelli, when both their bodies 
were disinterred, and removed to the site of the splendid monument which now 
covers them. This monument contains the bust of Galileo, with figures of 
Geometry and Astronomy. It was designed by Giulio Foggini. Galileo’s bust was 
executed by Giovanni Battista Foggini; the figure of Astronomy by Vincenzio 
Foggini, his son; and that of Geometry by Girolamo Ticciati. 

Galileo’s house at Arcetri still remains. In 1821 it belonged to one Signor 
Alimari, having been preserved in the state in which it was left by Galileo; it 
stands very near the convent of St Matthew, and about a mile to the S. E. of 
Florence. An inscription by Nelli, over the door of the house, still remains. 

The character of Galileo, whether we view him as a member of the social 
circle, or as a man of science, presents many interesting and instructive points of 
contemplation. Unfortunate, and to a certain extent immoral, in his domestic 
relations, he did not derive from that hallowed source all the enjoyments which it 


generally yields; and it was owing to this cause, perhaps, that he was more fond 
of society than might have been expected from his studious habits. His habitual 
cheerfulness and gaiety, and his affability and frankness of manner, rendered 
him an universal favourite among his friends. Without any of the pedantry of 
exclusive talent, and without any of that ostentation which often marks the man 
of limited though profound acquirements, Galileo never conversed upon 
scientific or philosophical subjects except among those who were capable of 
understanding them. The extent of his general information, indeed, his great 
literary knowledge, but, above all, his retentive memory, stored with the legends 
and the poetry of ancient times, saved him from the necessity of drawing upon 
his own peculiar studies for the topics of his conversation. 

Galileo was not less distinguished for his hospitality and benevolence; he was 
liberal to the poor, and generous in the aid which he administered to men of 
genius and talent, who often found a comfortable asylum under his roof. In his 
domestic economy he was frugal without being parsimonious. His hospitable 
board was ever ready for the reception of his friends; and, though he was himself 
abstemious in his diet, he seems to have been a lover of good wines, of which he 
received always the choicest varieties out of the Grand Duke’s cellar. This 
peculiar taste, together with his attachment to a country life, rendered him fond 
of agricultural pursuits, and induced him to devote his leisure hours to the 
cultivation of his vineyards. 

In his personal appearance Galileo was about the middle size, and of a 
square-built, but well-proportioned, frame. His complexion was fair, his eyes 
penetrating, and his hair of a reddish hue. His expression was cheerful and 
animated, and though his temper was easily ruffled, yet the excitement was 
transient, and the cause of it speedily forgotten. 

One of the most prominent traits in the character of Galileo was his invincible 
love of truth, and his abhorrence of that spiritual despotism which had so long 
brooded over Europe. His views, however, were too liberal, and too far in 
advance of the age which he adorned; and however much we may admire the 
noble spirit which he evinced, and the personal sacrifices which he made, in his 
struggle for truth, we must yet lament the hotness of his zeal and the temerity of 
his onset. In his contest with the Church of Rome, he fell under her victorious 
banner; and though his cause was that of truth, and hers that of superstition, yet 
the sympathy of Europe was not roused by his misfortunes. Under the sagacious 
and peaceful sway of Copernicus, astronomy had effected a glorious triumph 
over the dogmas of the Church; but under the bold and uncompromising sceptre 
of Galileo all her conquests were irrecoverably lost. 


The scientific character of Galileo, and his method of investigating truth, 
demand our warmest admiration. The number and ingenuity of his inventions, 
the brilliant discoveries which he made in the heavens, and the depth and beauty 
of his researches respecting the laws of motion, have gained him the admiration 
of every succeeding age, and have placed him next to Newton in the lists of 
original and inventive genius. To this high rank he was doubtless elevated by the 
inductive processes which he followed in all his inquiries. Under the sure 
guidance of observation and experiment, he advanced to general laws; and if 
Bacon had never lived, the student of nature Would have found, in the writings 
and labours of Galileo, not only the boasted principles of the inductive 
philosophy, but also their practical application to the highest efforts of invention 
and discovery. 


THE TRIAL OF GALILEO by A. Mézières 
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From ‘The Popular Science Monthly’, February, 1877 


MANY points have been left obscure in the history of the double trial of Galileo, 
the details of which till lately were but imperfectly known. The important work 
published by Domenico Berti fills up some of these gaps, by placing before our 
eyes a collection of authentic documents taken from the secret archives of the 
Vatican. We have here no work of partisanship, undertaken in the interest of 
religious controversy, but an historical work executed with all the scrupulous 
care that is nowadays exacted in all historical researches. In France the question 
had already been handled by Libri, Biot, Joseph Bertrand, Trouessart, and Th. 
Henri Martin, the first two approaching it with preconceived opinions that aided 
but little in the discovery of the truth, while the others brought to the discussion 
a remarkable spirit of impartiality. But all of these writers lacked the 
indispensable elements of information which now, thanks to the labors of 
Domenico Berti, are at the disposal of the future biographers of Galileo. If we 
have suffered ourselves to be anticipated by an Italian in the publication of the 
documents relating to this famous case, we must attribute the fact either to the 
negligence or to the prudence of the French Government, for we were in 
possession, for nearly half a century, of the valuable manuscript the full text of 
which is now published by Berti. Having been taken out of the Vatican archives 
during the first empire and carried to Paris, this original collection was there 
seen by the historian Denina, but he thought it to be of no importance. 
Nevertheless Napoleon I. ordered it to be published, with a translation facing the 
text; but the publication, though begun, was not continued: only the beginning of 
the work was then known, and of this Delambre, the astronomer, gave an 
account to the Italian Venturi. 

In December, 1814, according to the Duke de Blacas, the private library of 
Louis XVIII. received the entire MS. in the same condition in which it had been 
found by the imperial government in Italy, and thence carried to France. During 
the early years of the Restoration, active negotiations were carried on by the 
court of Rome with the French Government, to secure the return of these 
important documents. The Government, though it did not positively refuse to 
comply, nevertheless delayed and procrastinated. It was not until 1846, after 
thirty-two years of negotiation, that the MS. was sent back to Rome, at the 


instance, no doubt, of Rossi, who himself presented it to Pius IX., in behalf of 
Louis Philippe. By the pope it was restored in December, 1848, to the secret 
archives of the Vatican, and there it still remains. 

All that was known of this MS. before the publication of Berti’s work rested 
upon a selection of documents published at Rome in 1850, with many 
precautions, by Monsignore Marino Marini, sometime Prefect of the Secret 
Archives of the Holy See, and upon a larger work, in some respects inexact, and 
in others imperfect, published in Paris in 1867, by Henri de l’Epinois. Both of 
these writers take special points of view: they appear to be more intent upon 
justifying the judges that condemned Galileo than upon laying bare the whole 
truth with the boldness and freedom of an historian. Hence we can appreciate the 
motives which led them to publish only a portion of the MS. though the whole of 
it was in their hands. Did the court of Rome really suppose that these two 
publications contained all the documents pertaining to the double trial of Galileo, 
or did it think that the time had come for no longer hiding anything from the 
public? However that may be, at all events Domenico Berti, in February, 1870, 
was permitted to examine the MS., and even to copy it at his leisure in the room 
of Father Theiner, who had been officially authorized to intrust it to him. The 
present publication, therefore, was not procured by fraud, and, if the Holy See 
should have any occasion to regret it, at least it could neither dispute its 
authenticity, nor complain that the work was done without its consent. 


I. 


The interesting history of the travels and of the final destiny of the Vatican MS. 
is merely the preface of a far more important history, whose events we will 
endeavor to record impartially, with the sole purpose of unveiling and bringing 
to light the truth. Galileo, celebrated from his early years for the value of his 
discoveries and the brilliancy of his lectures at the University of Padua, loaded 
with honors at Venice and at Florence, and admired throughout all Italy, was 
pursuing the course of his great researches with the boldness of a man confident 
of his strength and of his fame, when certain slight indications no doubt warned 
him that it would not be disadvantageous, if he would carry on his researches in 
safety, to win the favor of the Sacred College. Accordingly he set out in 1611 for 
the Eternal City, without confessed misgiving, but with the ambition and 
expectation of interesting the most influential personages of the Roman court in 
his discoveries. He was nearing the decisive moment of his career. He had not as 
yet been disquieted by the objections of the theologians, though in prosecuting 
his studies of the constitution of the universe he was touching upon delicate 


questions which he could not expect to be permitted to discuss freely, without 
having first gained the sympathy, or at least the neutrality, of the Church. The 
court of Rome at that time exercised such moral authority in Italy, and especially 
at Florence, where Galileo resided, that people in some sense waited for her 
decision before they would accept the best-established conclusions in astronomy. 
The Grand-duke of Tuscany could not but be pleased at the discovery of 
Jupiter’s satellites, announced in the “Sidereus Nuncius;” and he was all the 
more ready to believe, because these new heavenly bodies had received his 
family name: yet his own secretary had to admit that the discovery would never 
receive the unanimous assent of the learned world until it was approved and 
verified at Rome. There sat the Roman College, a regular tribunal, scientific as 
well as theological, whose decrees were law in Catholic countries. 

Galileo, who was a man of rare good sense, and perfectly conversant with the 
ways of the world, had in advance formed at Rome the best and the most 
powerful of relations. Besides, he came there in a sort of official capacity, at the 
grand-duke’s charges, and he was entertained there by the Tuscan embassador. 
Prelates, cardinals, princes, vied with one another for the honor of offering fétes 
and banquets to the most illustrious representative of Italian science. At the 
palace of Cardinal Bandini, in the beautiful gardens of the Quirinal, in the villa 
of the Marquis Cesi on the summit of the Janiculan, Galileo delighted a society 
of élite by having them contemplate, during the serene nights of April, the vault 
of heaven through the telescope which he had recently invented, and which bears 
his name. He awakened a genuine enthusiasm one day when, after dinner, he 
pointed his telescope toward St. John of Lateran, three miles distant, and enabled 
the guests to read the inscription upon the façade of that basilica. 

His arguments did not equally convince all of those who were present at his 
astronomical observations, and who listened to the explanation he gave of the 
movement of Jupiter’s four satellites, the inequalities of the moon’s surface, and 
the phases of Venus and Saturn, and to the discussions he carried on with those 
who opposed his views. His doctrine implied the confirmation of the system of 
Copernicus and the demonstration of the earth’s motion, which were no longer 
reserved for mathematicians only, but made intelligible to all by a series of 
experiments. Here was an innovation calculated to alarm the theologians. A 
system that might be regarded as inoffensive so long as it was only a 
mathematical hypothesis, useful to men of science in their researches, became a 
very different thing on being transformed into a physical truth accessible to the 
senses and pregnant with consequences touching the plurality of worlds and the 
aim of creation. Hence the apparent triumph of Galileo hid from view perils the 
magnitude of which at first eluded his penetrating mind. While he was giving 


himself up, with perhaps over-much confidence, to the pleasure of success, and 
was yielding too easily to his habitual temptation to answer objections with 
sarcasm, the ecclesiastical authority quietly set on foot an inquiry into the 
orthodoxy of his opinions. Cardinal Bellarmin, probably in the name of his 
colleagues of the Inquisition, asked of the members of the Roman College 
(without mentioning Galileo’s name) what was to be thought of the astronomical 
observations that had recently been promulgated by a distinguished 
mathematician. 

This is the first symptom that we have been able to discover of the 
intervention of theology in the examination of Galileo’s scientific opinions. The 
response of the Roman College was favorable to him; but, from that moment 
forward, the alarm was sounded, and the Inquisition never lost sight of him. 
Though the sovereign pontiff, to whom he was presented by the Tuscan 
embassador, received him with great courtesy, not allowing him to utter even a 
word on bended knees, yet the Holy Office, even before he had quitted Rome, 
inquired of the tribunal at Padua whether, in the action brought against Cesare 
Cremonini for certain philosophical indiscretions, there might not be something 
to compromise Galileo. A direct personal attack, inspired by an overweening 
zeal, quickly followed these early suspicions. On his return to Florence, Galileo 
took up his labors afresh in the pleasant solitudes of the Belvedere, placed at his 
service by the kind hospitality of the grand-duke; there he received his friends 
and pupils, who, on departing from these conversaziones, propagated his 
doctrines. At this a Dominican friar, Thomas Caccini, took umbrage, and, in a 
sermon delivered at Santa Maria Nuova on the miracle of Joshua, he suddenly 
exclaimed, “Viri Galilei, quid statis aspicientes in celum?” The friar doubtless 
had heard of a conversation held at the court in presence of the grand-duchess 
dowager Christine of Lorraine, and the Archduchess Madeleine of Austria, in the 
course of which Father Castelli, a pupil of Galileo, had endeavored to prove, to 
the great satisfaction of his hearers, that one might believe in the earth’s motion 
without questioning the authenticity of Joshua’s miracle. Upon this subject 
Galileo addressed to his pupil a famous letter, in which he precisely set forth the 
rights of science, at the same time asserting for religion its own. Here, according 
to him, are two separate domains, which are not rashly to be confounded. 

“The Holy Scripture,” said he, “can neither lie nor err, but it needs to be 
interpreted; for, were we to insist upon the literal sense of the words, we should 
find not only contradictions, but heresies and blasphemies; we should have to 
give to God hands, feet, ears, to suppose him subject to like passions with men 
— to anger, remorse, hatred; and, again, to hold that he forgets the past and is 
ignorant of the future. . . . Inasmuch as the Bible constantly requires 


interpretation to explain how very different the true sense of the words is from 
their apparent signification, it appears to me that it should be quoted in scientific 
discussions only as the last resort. In truth, Holy Scripture and Nature both come 
from the Divine Word, the one being the dictation of the Holy Ghost, while the 
other is the executor of God’s decrees; but it was fitting that, in the Scriptures, 
the language should be adapted to the people’s understanding in many things 
where the appearance differs widely from the reality. Nature, on the other hand, 
is inexorable and immutable; she is not at all concerned whether the hidden 
reasons and means through which she works are or are not intelligible to man, 
because she never oversteps the limit of the laws imposed upon her. Hence it 
appears that when we have to do with natural effects brought under our eyes by 
the experience of our senses, or deduced from absolute demonstrations, these 
can in no wise be called in question on the strength of Scripture texts that are 
susceptible of a thousand different interpretations, for the words of Scripture are 
not so strictly limited in their significance as the phenomena of Nature... . I 
therefore think it would be wise to forbid persons from using texts of Holy 
Scripture, and from forcing them, as it were, to support as true certain 
propositions in natural science, whereof the contrary may to-morrow be 
demonstrated by the senses or by mathematical reasoning.” 

This noble letter, the moderation of which would nowadays be admitted by 
every theologian, but which then gave out a dangerous odor of novelty, no doubt 
passed from hand to hand, was read by ill-disposed persons, perhaps fomented 
the agitation produced by Caccini’s vehement assault, and furnished to another 
Dominican, Niccola Lorini, an opportunity of denouncing Galileo to the 
Congregation of the Holy Office. “Here,” said the informer, “are propositions 
that seem to be suspect and rash, opinions that contradict the text of the Holy 
Scripture. Besides,” he added, “Galileo and his disciples speak with little respect 
of the fathers of the Church, of St. Thomas of Aquino, and of Aristotle, whose 
philosophy has rendered so much service to the scholastic theology.” The 
Inquisition, though search was made, was unable to procure the original of the 
letter, for Castelli had given it back to his master, and he prudently refused to 
part with it. The inquisitors contented themselves with an examination of the 
copy sent by Lorini, in which they discovered a few ill-sounding phrases, but, on 
the whole, nothing clearly contradictory of the language of Scripture. Still they 
continued to note the words of Galileo; they questioned two Tuscan ecclesiastics 
about the speeches that he might have uttered in their hearing; they scrutinized 
the letters he had published on the subject of observing sun-spots. 

Galileo, though quite ignorant of the strict watch kept on him by the 
Inquisition, had a vague apprehension of imminent danger. To ward it off, he 


adopted the expedient of going again to Rome in 1615, and of pleading his cause 
in person in the quarter where a successful defense was most to be desired. It has 
been asserted that Galileo was summoned before the bar of the Holy Office, but 
they who so assert are in error as to the date; it was not till a much later period, 
viz., the beginning of his second trial, that he was ordered to appear in Rome. On 
the present occasion he went of his own accord, no longer possessed of the 
fearless assurance with which he made his first journey, yet confidently hoping 
that he would disarm his opponents by the clearness of his explanations. 
Perchance he rested his expectation of convincing them as much upon the graces 
and charms of his wit, and the personal attractiveness which won for him all 
hearts, as upon the strength of his arguments. 

Besides, he had taken more pains than even he did in 1611 to prepare the 
ground: he had, in urgent letters, rekindled the zeal of his friends, and had again 
obtained for himself all the external tokens of the official protection of the 
grand-duke. As before, he went down to the embassador’s palace, the villa of the 
Trinità, de? Monti, where now the Academy of France has its seat, and, the day 
after his arrival, went into the country. What with detailed explanations made in 
the presence of numerous auditors, keen and lively disputations in which he 
plainly showed the weakness of his opponents, frequent visits to distinguished 
personages, brief tractates in which he demonstrated the truth of the Copernican 
system, he omitted nothing that could influence in his own favor those currents 
of opinion which judges themselves cannot withstand. 

Unfortunately for Galileo, the tribunal of the Inquisition was but little 
affected by external influences; it imposed laws on opinion, and took no advice 
from it. The members of the Holy Office, heedless of the steps taken by the 
illustrious astronomer, and of the ardor with which his ideas were espoused by a 
portion of Roman society, went on quietly with their work. In examining the 
letters on the sun-spots, they found therein two propositions worthy of censure. 
On the 24th of February, 1616, they unanimously pronounced it absurd and 
heretical to assert that the sun is motionless, and that the earth revolves. The 
sovereign pontiff immediately ordered Cardinal Bellarmin to summon Galileo, 
and to have him promise that he would no longer uphold a proposition 
condemned by the Church. “If he refuses to obey,” said the pontifical letter, “the 
Father Commissary, in the presence of a notary and witnesses, shall enjoin him 
absolutely to abstain from teaching that doctrine and that opinion, from 
upholding it or even speaking of it; in case he does not comply, he shall be cast 
into jail.” Accordingly, on the 26th of February, 1616, Cardinal Bellarmin, in the 
presence of the commissary-general of the Holy Office and two witnesses, 
invited Galileo to renounce the two condemned propositions. After Bellarmin, 


the commissary-general again intimated to him, on behalf of the pope and the 
entire Congregation of the Holy Office, the formal order no longer to uphold, 
teach, and defend this opinion, whether by writing, by word of mouth, or in any 
manner whatsoever; if he failed to comply, he was to be prosecuted by the Holy 
Office. Galileo promised to obey. On the 5th of March following, the 
Congregation of the Index condemned the work of Copernicus until it should be 
corrected. 

From these authentic facts it results that a certain number of modem 
historians are deceived themselves, or would deceive us, when they insinuate 
that the Holy Office meant to condemn, not the system of Copernicus, but 
Galileo’s theological interpretations of it. There was no question whatever about 
theological interpretations. In neither Copernicus’s book, nor in the letters on the 
sun-spots, is there a word, a single phrase, in which the Holy Scriptures are 
interpreted. If here and there in his correspondence Galileo, out of respect to 
religion, endeavored to reconcile the data of science with the text of the Bible, he 
never published these explanations. It was not upon these private manuscript 
documents that he was tried, and the only document that furnished a basis for the 
charge was a printed work, purely scientific in character, and having nothing 
whatever to do with theology. By no manner of argumentation can the fact be 
negatived that a tribunal of theologians constituted itself a judge in a question of 
science, and decided it as an authority decides. The Holy Office did not forbid 
receiving and teaching the doctrine of Copernicus, on the ground that it was not 
yet demonstrated, as some of the apologists of the Holy See would have us 
believe; they would not permit it to be demonstrated; they pronounced it in 
advance to be “absurd, heretical, contrary to the text of the Scripture.” Such is 
the whole truth about Galileo’s first trial, and Domenico Berti sets it forth with 
much dialectic vigor. 


II. 


Galileo once reduced to silence by the act of submission to which he had 
subscribed, the object of the Inquisition was attained. No useless rigor followed 
the first procedure. Provided that the culprit spoke no more about the motion of 
the earth, the court of Rome would like nothing better than to make the most of a 
great mind that for a moment had gone astray, but whose genius and whose 
scientific fame were intact. After the trial, Galileo remained three months in 
Rome, and was kindly received by the sovereign pontiff. In fact, the rumor 
having spread that he had been punished by the Holy Office and obliged to 
retract and to do penance, he obtained from Cardinal Bellarmin a certificate to 


the contrary effect. All that was done, said the cardinal, was to forbid him 
defending or upholding the system of Copernicus. What advantage could it have 
been to drag Galileo down from the high position he occupied in the world’s 
opinion? It was enough, for the purposes of his judges, if they could shut his 
mouth. 

In this they supposed they had succeeded, but here they failed to take account 
of the overmastering impulse to propagate truth, which is the very essence of 
scientific genius. Galileo could neither erase from his mind a belief that rested 
on a demonstration, nor refuse to employ it in advancing to fresh discoveries, 
nor abstain from speaking of it with those who consulted him with regard to their 
own astronomical labors, or took an interest in his. In his retirement at the 
Belvedere, where, since his return from Rome, he led a more secluded life than 
ever, he received, as in former times, numerous visits, nearly all prompted by the 
love of science. He was still the recognized and admired head of the scientific 
movement in Italy. Why should he not converse about the cardinal proposition 
of the earth’s motion with the young savants who came to ask his advice and to 
receive his instruction? A distinguished Italian narrates how, having spent a few 
days with him, after the close of his first trial, he heard from Galileo’s mouth the 
exposition of the Copernican system, was converted to his ideas, and himself 
then converted Campanella to that doctrine. 

Hence the submission of Galileo was only apparent. Later he was justly 
charged with having broken his promise. Still, he avoided compromising himself 
publicly, and in his first work, “Il Saggiatore,” which is a model of keen, clever 
irony, he hardly ventured to write anything touching on the system of 
Copernicus. Presently the election of a new pontiff inspired him with the hope 
that the court of Rome might relax its rigor. Urban VIII., of the family of 
Barberini, was a Florentine, a lover of letters, well disposed toward the Academy 
of the Lincei, and especially friendly to Galileo, to whom he had addressed, 
while yet a cardinal, some verses conceived in a vein of eulogy. Galileo went to 
Rome to see him, had six long audiences with him, was presented by him with a 
picture, medals, agnus deis, and a pension for his son, and doubtless talked with 
him about the great subject which filled his mind. We can only guess at what 
was Said by the two friends: some authors assert that Urban VIII. then inclined 
toward the Copernican system; others, on the contrary, say that he demonstrated 
to Galileo the impossibility of maintaining the theory of the earth’s motion. The 
truth is, that we know nothing about the matter; neither the pope nor the 
astronomer has given out anything about the nature of their conversations. 
Perhaps even, as we Shall shortly see, they believed that they could agree, while 
differing from one another widely. 


At all events, it seems that, dating from the accession of Urban VIII. to the 
pontifical throne, Galileo felt more free to touch anew upon the forbidden 
subject, under a different form. Was this the result of an overweening confidence 
in the friendship of the sovereign pontiff, of a too favorable interpretation of 
some friendly speeches, or of the impossibility of being silent while Kepler was 
speaking boldly outside of Italy, while on Italian soil one was constantly 
harassed by ignorant opponents, and, though one’s hand were full of truths, one 
durst not open it and rout them. The “Dialogues on the Two Great Systems of 
the Universe,” which were destined to bring Galileo into so much trouble, show 
that, in writing them, he stood between the conflicting influences of a strong 
desire to speak and the fear of compromising himself. He rather insinuates his 
ideas with true Italian finesse than puts them forth boldly. He does not defend 
the Copernican system, but expounds it. He even takes the precaution of stating, 
in a preface, the rough draft of which had been sent to him from Rome, that the 
true aim of his work is to show that in Italy ideas are not condemned unknown, 
and that nowhere is this delicate matter better understood than in Italy. He 
carefully avoids drawing conclusions: the personage whom he introduces as the 
representative of the doctrine of Ptolemy and as the defender of the belief in the 
earth’s immobility, though clad in the strongest dialectical coat of mail, and 
though driven to his last ditch by the keen raillery and the copious logic of his 
interlocutors, replies to them unmoved: “Your arguments are the most ingenious 
that can be conceived, but I consider them to be neither true nor conclusive.” 
Father Riccardi, Master of the Sacred Palace, whose business it was to examine 
Galileo’s manuscript, suffered himself to be half-way won by these exhibitions 
of innocence, and gave a permit for the work to be printed, though not without 
resistance. He afterward protested that he had been deceived by the author, and 
that some of the conditions on which he had granted the imprimatur were not 
fulfilled. At first it was agreed that the “Dialogues” should be printed at Rome; 
but at the earnest entreaty of Galileo leave was granted to have the work done at 
Florence, where it would involve less trouble and cost to him, and where, above 
all, he could more easily evade the surveillance of the Sacred Palace. In this 
negotiation Galileo displayed a fecundity of resource and a force of will that 
show how important be considered the publication of his work to be. The chief 
fruit of his address was that he escaped a second revision of the text, which 
would have been made at Rome had the work been printed there. Galileo chose 
rather to deal with the inquisitor at Florence, to whom Father Riccardi had 
delegated his powers, but who, doubtless at the solicitation of the grand-duke, 
exercised these powers with less rigor than would have been used at the Sacred 
Palace. We can imagine the wrath manifested by the court of Rome; in fact, 


despite all its finesse, it had been outwitted by an Italian shrewder even than 
itself, by a fellow-countryman of Macchiavelli. 

Would Galileo have been so eager for the publication of his work, if he had 
foreseen the dangers to which he exposed himself by publishing it? The 
sovereign pontiff, immediately upon receipt of the book, in the beginning of 
August, 1632, was highly incensed, charged Galileo with having made an 
unhandsome return for his kindness, and would on the spot have referred the 
author and the book to the tribunal of the Holy Office, had he not been restrained 
by the importunities of the embassador Niccolini, and his fear of offending the 
Grand-duke of Tuscany. “Galileo,” said Urban, “has not acted with out 
deliberation, has not sinned through ignorance; he was perfectly well aware of 
the difficulties of the case, for I myself have made them clear to him.” These 
expressions of dissatisfaction on the part of the sovereign pontiff would seem to 
show that, in the interviews of which we have spoken, the two friends had 
touched on the delicate question of the earth’s motion, and that, by a process of 
self-illusion quite natural under the circumstances, each had supposed he had 
convinced the other. The pope was angry at Galileo, as at one in whom he had 
for a long time mistakenly reposed confidence — as though a fraud had been 
practised upon him; this feeling, which had broken the bond of their old 
friendship, explains the harshness with which Urban treated the friend of his 
youth. Nor had Galileo been less mistaken with regard to the disposition of the 
pope’s mind. He flattered himself that he should find in him an indulgent judge 
of his astronomical theories, while in point of fact he was wounding Urban in his 
most sacred convictions. Had he known that the pope was so opposed to the 
system of Copernicus, doubtless he never would have braved the wrath of one 
whose power was unlimited, or affronted a tribunal from which there was no 
appeal. 

On receipt of the “Dialogues,” Urban instructed a commission to examine the 
book and report to him. As soon as the report came into his hands, he 
commanded the inquisitor at Florence to communicate to Galileo a formal 
summons to appear in October before the commissary-general of the Holy 
Office in Rome. Galileo, then seventy years of age, and suffering from hernia, 
asked the authorities to take into consideration his age and his malady, and to 
dispense him from the journey. The Grand-duke of Tuscany interceded for him. 
But Urban would listen to nothing; fearing lest he should be deceived, as he 
believed he had been before, he would permit no delay. He would not even 
believe the testimony of three physicians who attested the reality of Galileo’s 
malady; he sent the inquisitor in person to him, with orders to arrest and bring 
him in irons to Rome, if he was found to be in a condition to bear the journey. 


Poor Galileo had taken to his bed, and, as was said by one of his friends, “he was 
more in danger of going to the other world than to Rome.” He was not in a 
condition to be removed until January, 1633. The good offices of the Grand- 
duke of Tuscany attended him to the presence of his judges, and there the 
friendship of Niccolini accompanied him — weak succors these in the face of 
such powerful adversaries. At first the embassador’s palace was appointed as his 
place of confinement, and he was commanded not to leave it; he went out only in 
order to submit to the interrogatories proposed to him by the Holy Office. 

On the 12th of April he was interrogated for the first time. To begin with, he 
was asked if he remembered what took place in 1616, when he had to appear 
before Cardinal Bellarmin and the commissary-general of the Holy Office. 
Galileo admitted having heard it declared on that day that the system of 
Copernicus could not be maintained or defended, as being contrary to the Holy 
Scriptures. “It may be,” he added, “that at the same time I myself was forbidden 
to maintain or defend that opinion, but I do not recollect, it is now so long ago.” 
Whatever may be the interest now taken in a case so bound up with the question 
of the freedom of thought, it is not easy to believe with Berti that Galileo replied 
to this first interrogatory with entirely good faith. When a prohibition is issued in 
terms so formal as those we have given, upon so definite a point, neither the 
form nor the substance is ever forgotten. Ambiguity was out of the question after 
Bellarmin’s warning, and still more after the solemn injunction of the 
commissary-general. Domenico Berti is in error with regard to the psychological 
conditions of memory where he says that it must have been easier for Galileo to 
recollect the conciliatory words of Cardinal Bellarmin than the threats of the 
commissary-general. On the contrary, what strikes one most under such 
circumstances, what impresses itself deepest in the memory, is the threats. How 
could any one forget words so simple, so clear, so menacing, as these: “You are 
forbidden to maintain this opinion, to teach or to defend it, whether by writing or 
by word of mouth, or in any other manner whatsoever, else the Holy Office will 
take information against you!” These last words in particular must have buried 
themselves like an arrow in the memory of Galileo, nevermore to come out. He 
knew all too well what he had to fear from the Inquisition ever to forget on what 
conditions that tribunal agreed to take no further cognizance of him. The silence 
he kept in public for sixteen years upon the forbidden subject, and even the care 
he took in his “Dialogues” to give to his thoughts an inoffensive turn, might 
serve as evidence of the faithfulness of his memory. 

The fact is, that the reason of Galileo’s taking up his pen again to treat a 
forbidden subject was not that he had forgotten the formal prohibition. He might 
have made answer, with great frankness, that, though he had been ordered to 


hold his peace, yet he had not been convinced, and that, after so many years of 
silence, the need of proclaiming the truth had more power over him than the fear 
of disobeying. But it was not for a mind so subtile, nor for a character so wary as 
that of Galileo, to be tied down to a categorical declaration, and so to shut every 
portal of escape. He chose rather to use evasions with his judges, to plead 
extenuating circumstances, to produce the impression that he might have 
misunderstood, but that he had not acted with evil intent and with his eyes open. 
Even while undergoing the first interrogatory, he was still in hopes of finding in 
the sovereign pontiff some remnant of friendship, or, at least, of good-will; and 
this was another reason why he made an evasive reply, and did not compromise 
himself by an explicit admission of his offenses. He appears to have believed, at 
this first session, that it would be possible for him to have a private interview 
with the holy father. Being questioned as to what had been said to him by 
Cardinal Bellarmin in 1616, he replied that some of the details of their 
conversation he could intrust only to the ear of the sovereign pontiff. This 
plainly was a request for an interview with Urban. His judges seemed not to 
understand him, or, if they carried his words to the holy father, they obtained 
from him no favorable answer; but, in the course of the trial, it became evident 
that Galileo could expect neither indulgence nor commiseration from his old 
friend. 

All of Galileo’s answers at the first interrogatory present the same character 
of ambiguity. On being asked whether, before he begged of Father Riccardi 
license to print his “Dialogues,” he had informed the master of the Sacred Palace 
of his having previously been forbidden to treat certain subjects, his reply was 
that he had not mentioned that to Father Riccardi, “for he did not think it 
necessary to do so, having no scruples, nor having supported or defended in his 
book the opinion of the earth’s motion and the stability of the sun.” It is not 
altogether certain that, by thus altering the truth, Galileo chose the best line of 
defense; probably a little more of frankness would have served him better. He 
was simply trifling with his judges and taking them for fools, when he tried to 
make them believe that, in his “Dialogues,” his purpose had been to demonstrate 
the “weakness and insufficiency” of Copernicus’s arguments. The disguises in 
which the author clothes his thoughts fail to deceive the thoughtful reader. 
Throughout the work, the defender of Ptolemy’s theory, Simplicio (in whom it 
has been wrongfully supposed that some of the traits of Urban VIII. may be 
found), is overthrown by his opponents’ arguments, and made an object of 
ridicule by their irony. Surely, it was imprudent on the part of Galileo to deny 
the evidence, thus giving to his defense the appearance of double-dealing. 


Nor did the resort to this course deceive any one. The three judges who had 
questioned him unanimously declared that in his book he had contravened the 
injunctions of Cardinal Bellarmin, and the decree of the Congregation of the 
Index. Two of them added that he was gravely suspect of adhering to the 
doctrine of Copernicus. After the close of his first interrogatory, he was removed 
to the palace of the Holy Office, and there he occupied a chamber in the 
sleeping-apartments of the wardens, with an express prohibition of going out 
without leave. Here he had long and frequent interviews with Father Vincenzo 
Macolano, commissary of the Holy Office, an educated man of kindly 
disposition, and a friend of the grand-duke and of the Tuscan embassador; Father 
Macolano took it upon himself to warn Galileo of the dangers of the situation, 
and to aid him with his counsels. First of all, he induced Galileo to submit 
without reserve, to admit his offenses, and to repent. “I made his error patent to 
him,” wrote the father commissary, at the close of one of their interviews; “he 
clearly saw that he had made a mistake, that in his book he had gone too far, and 
he expressed to me his regret in words full of feeling, as though he drew comfort 
from the knowledge of his error, and was thinking of confessing it judicially; he 
only asked of me a little time to consider how he might best word his 
confession.” Father Macolano then looked for a speedy ending of the trial, and a 
less severe sentence. “When once we have Galileo’s confession,” said he, “the 
reputation of the tribunal will be safe, and the accused can be treated with 
indulgence.” Evidently he expected that the case would not be carried beyond 
the first stage of inquisition, and that it would terminate by a special form of 
interrogatory, known as the “interrogatory with regard to the intention.” 

If things were pushed further than the commissary of the Holy Office either 
wished or expected, the blame does not rest with the accused, who, once warned, 
immediately resolved to submit. On being interrogated again on the 30th of 
April, Galileo confessed that, without meaning it, he had presented too forcibly 
the arguments in favor of the system of Copernicus, his intention all the while 
being to refute them, and that thus he might have led the public into error. He 
declared that he was “ready to refute the opinion of Copernicus by all the most 
efficacious methods that God might place within his power.” These words, no 
doubt dictated to him by the humanity of the father commissary, had the effect 
of procuring for him some measure of liberty. That very evening he was sent 
back to the palace of the Tuscan embassador, so that there he might receive such 
care as the state of his health required. 

We must not forget that to the humiliation of repudiating his most cherished 
opinions, of belying his own thoughts, and of seeing himself treated as a 
criminal after he had, by his labors, done honor to his country and to mankind, 


were added physical sufferings of the most grievous kind. It is impossible to read 
without emotion the appeal he addressed to his judges at the end of his written 
defense: “It remains for me to urge one final consideration, viz., the pitiable state 
of bodily indisposition to which I have been reduced by incessant mental agony 
during ten whole months, together with the hardships of a long and toilsome 
journey, in the most inclement weather, at the age of threescore years and nine. . 
. . I confide in the mercy and goodness of the most eminent seigniors who are 
my judges, and I hope that if, in the integrity of their justice, they think that so 
great sufferings lack anything to make them equal to the punishment that my 
offenses deserve, they will be pleased, at my entreaty, to remit the difference in 
consideration of the failing strength of my old age, which I humbly commend to 
them.” 

Among the hitherto unpublished documents contained in Berti’s work there is 
one that is of the highest importance. This is a summary of the case, giving an 
enumeration not only of what was decreed but also of what was done. After 
reading a text so clear and so unambiguous on all points save one, while on that 
one it agrees perfectly with other authentic documents, we no longer find ground 
for supposing it was only on paper that Galileo was threatened with the torture, 
and forced to make abjuration. A decree of the pope, dated June 16th, ordains 
that instead of a simple “examination as to intention,” such as the commissary of 
the Holy Office had expected, an interrogatory should be had with the threat of 
torture, if the accused could stand it; he is ordered to make abjuration, and 
condemned to imprisonment according to the good pleasure of the congregation. 
This decree was not, as has been supposed, a simple declaration designed to 
sustain the reputation of the tribunal for severity, while the culprit was treated 
leniently; on the contrary, it was executed literally, as is shown by the agreement 
of the documents concerning this portion of the trial. 

On being interrogated for the last time on the 21st of June, Galileo was 
ordered to state whether he then held or ever had held the opinion that the sun is 
the centre of the world and that the earth moves. He humbly replied that ever 
since the decree of the Congregation of the Index, in 1616, he had always held 
and still did hold the opinion of Ptolemy to be “most true and unquestionable.” 
This reply not appearing to be satisfactory, the father commissary insisted on 
knowing the truth, and wound up by declaring that, if the whole truth were not 
stated, recourse would be had to torture. “I am here in order to obey,” replied 
Galileo, with some show of terror. The text of the sentence shows that he was 
treated more rigorously yet. “Inasmuch as it appears to us that you have not told 
the whole truth as touching your intention, we have deemed it necessary to resort 
to the examen rigorosum.” Now, in the language of the Inquisition, examen 


rigorosum means just the torture and that alone: it is the law-term approved by 
jurists and regularly employed in sentences which condemn the accused to the 
cruel punishment of the strappado. “In case the accused,” say the treatises on 
inquisitorial law, “does not clear himself of the charges, recourse is to be had to 
the examen rigorosum, torture having been devised to supply the want of 
witnesses.” In two manuscripts of the first half of the seventeenth century, both 
of them relating to the forms of procedure of the Holy Office, the expression 
examen rigorosum is pointed out as the formula to be employed by judges in 
ordering the application of torture. 

From the text of the sentence, from the pontifical decree already quoted, and 
from the summary of the acts of the trial, we might infer that Galileo was 
actually subjected to torture, if among the documents we found the official 
record (procès-verbal) of the examen rigorosum, as we find the official record of 
the previous examinations. The rule of the Inquisition was ever the same: the 
notary or registrar of the Holy Office was present at all interrogatories, and took 
down carefully the words of the sufferer; all the details of the examen rigorosum 
were recorded in a register, from the first intimation to the accused that he was to 
be taken to the place of punishment, down to the moment when he was released 
from the torture. On looking over the records of these dread sessions, we find all 
the words spoken by the sufferer while his clothes are being taken off and while 
he is being tied to the instrument of torture; all the replies he makes to his 
judges, all his pleas; every movement he makes is noted with cold precision, 
nay, even his sighs, his groans, while under the torture. “He was hoisted by the 
rope,” calmly writes the notary, “and while suspended he would cry out in a loud 
voice, ‘O Lord God, have pity! O Our Lady, help me!’ repeating these words 
again and again. Then he was silent, and having for a little while thus held his 
peace, he began again to cry out, ‘O God, O God!” 

If Galileo had been subjected to this mode of trial, the procés-verbal of the 
proceedings would certainly have been preserved along with the other records of 
the case. But, then, might not the examen rigorosum have taken place in the 
absence of the registrar; or might not the registrar, though he was present, have 
omitted to make a record? Both of these suppositions appear to be equally 
inadmissible, for they are in flat contradiction to all the precedents and all the 
rules of the tribunal. Neither can we suppose that the agent of the Holy Office 
suppressed the procès-verbal of the torture in order that both he and his 
principals might escape the indignation of posterity. This were gratuitously to 
transform an obscure, an irresponsible personage into an humanitarian 
philosopher who is ages ahead of the thought of his time and who purposely 


destroys a sorrowful page of history. The most probable account of what took 
place would be this: According to all the treatises on inquisitorial law, the 
commissary was authorized not to inflict torture on aged men, or on persons 
suffering from disease, who might die under the punishment. The advanced age 
of Galileo, and his infirmities, aggravated as they were by so much mental 
suffering, naturally placed him in the category of culprits who were not 
subjected to torture. If he was spared that dreadful infliction, Berti gives all the 
credit to the humanity of the father commissary; he even appears to think that, 
but for the kindly intervention of Father Macolano, the sovereign pontiff and the 
Congregation of the Holy Office would have given over Galileo to the 
executioner. 

Let us be more fair. It would be a libel on Urban VIII. to represent him as 
thirsting for the blood and pleased with the sufferings of his old friend. The 
pontifical decree of June 16th has this important proviso regarding the 
employment of torture, that it should not be used unless the accused could 
endure it. When he expressed himself thus, the sovereign pontiff was perfectly 
well aware that Galileo could not stand such a trial, and he consented 
beforehand, without needing to be entreated by the commissary, to the omission 
of the torture. What, indeed, would have been the use of such extreme rigor? 
Urban did not desire the death of the culprit; he wanted to make certain that 
Galileo would never more speak or write about the question of the earth’s 
motion; and it was in order to so strike him with terror as to insure his silence 
that of all the agonies of the trial he saved him only from the last — the only one 
that would have been of no use. The pope was not so cruel as Berti thinks, but 
neither did he give any sign of that compassion and indulgence toward the 
accused with which he is too often credited. This point is worth repeating, 
inasmuch as it is the clearest result of Berti’s publication: the various phases of 
the trial of Galileo were not arranged with a view to theatrical effect, and to 
make an outward show of great severity, so as to intimidate the adherents of 
Galileo’s doctrine, while, behind the scenes, the culprit was treated with 
kindness. The threat of torture, the abjuration, the sequestration, were realities, 
and not, as has been supposed, simply monitions addressed to overbold men of 
science. At first, the court of Rome did not concern itself so much about 
impressing the imagination of the public as about striking Galileo. Here was a 
rebellious subject who had once before been treated with the greatest lenience, 
but who repaid the indulgence of the Holy Office with the transparent irony of 
his “Dialogues;” who had set snares for the person appointed to examine his 
manuscript; who, at his first interrogatory, had made sport of his judges, nay, 
perhaps of the sovereign pontiff himself: he must now be reduced to silence for 


good and all, by conducting him, through a series of moral tortures, to the 
uttermost limits of terror. 

At the same time the solemn form of his abjuration was calculated to prevent 
him from ever again inclining toward the Copernican doctrine. How could he 
embrace that doctrine again after he had openly pronounced it heretical, and 
promised, as he was compelled to do, to inform upon all persons suspected of 
this heresy? His judges, however, were not yet satisfied; he was feared even after 
his abjuration. He was confined at first in the palace of the Archbishop 
Piccolomini, at Siena, then at his own villa of Arcetri, near Florence, with leave 
to receive a few visits of relatives and friends, but on condition that several 
persons should never meet there to hold conversation. It was particularly feared 
that he would communicate with learned men abroad and in Italy. Father 
Castelli, his old pupil, in vain begged leave to see him, though he promised not 
to talk with him about the earth’s motion. In order to protect all other Catholic 
countries against the contagion of his ideas, the pope dispatched to all apostolic 
nuncios and to all inquisitors copies of the sentence pronounced on Galileo, and 
of his act of abjuration. At Florence his chief disciples and friends, especially the 
professors of mathematics, were summoned by name to listen to the reading of 
these two documents. 

In shutting the mouth of a writer so gifted, so full of resources, so admired by 
the public, it was hoped that an end was made of the doctrine of Copernicus — 
that dangerous doctrine which alarmed the theologians by displacing the centre 
of the universe, ousting the earth from its primacy and substituting the sun, and 
opening the way for hypotheses of the plurality of worlds and the end of 
creation. But the effort was vain. The theory of the earth’s motion has survived 
all condemnations. It was not Galileo, as tradition would have it, that uttered the 
famous saying, “Eppur si muove” but the general voice of mankind who, after 
his death, thus proclaimed the undying truth of his belief. 

Here we will stop. We would not weaken, by any comments of ours, the 
importance of the documents we have been examining. It is a fixed historical 
fact that in the beginning of the seventeenth century the Roman congregations, 
assuming to represent the Church, and not disavowed by her, made themselves 
the judges of a scientific question, and decided it in a way contrary to the 
conclusions of science. The splendor of Galileo’s genius and the commiseration 
inspired by his sufferings impress upon this discussion a tragical and popular 
character; but the emotion produced by his cruel fate must not blind us to the 
gravity of the problem. The great question was whether, in countries that were 
then Catholic and destined so to remain, Science could free herself from the 
dominion of Faith. The trial of Galileo, so far from retarding this conclusion, as 


is commonly supposed, on the contrary made it inevitable and urgent. So soon as 
the court of Rome saw how unwisely she had acted in deciding a question 
beyond her competence, thus laying herself open to the danger of being the next 
day convicted of error, it became her interest, no less than the interest of 
Science, to distinguish clearly between the two domains, Science and Faith. If, 
nowadays, she avoids entering into scientific controversies, it is because she has 
been taught by experience that a decision might compromise her. Her authority 
could hardly stand after a second edition of the sentence in which she once 
forbade the sun to stand still and the earth to revolve. 


GALILEO by Robert S. Ball 








From ‘Great Astronomers’, 1895 


Among the ranks of the great astronomers it would be difficult to find one whose 
life presents more interesting features and remarkable vicissitudes than does that 
of Galileo. We may consider him as the patient investigator and brilliant 
discoverer. We may consider him in his private relations, especially to his 
daughter, Sister Maria Celeste, a woman of very remarkable character; and we 
have also the pathetic drama at the close of Galileo’s life, when the philosopher 
drew down upon himself the thunders of the Inquisition. 

The materials for the sketch of this astonishing man are sufficiently abundant. 
We make special use in this place of those charming letters which his daughter 
wrote to him from her convent home. More than a hundred of these have been 
preserved, and it may well be doubted whether any more beautiful and touching 
series of letters addressed to a parent by a dearly loved child have ever been 
written. An admirable account of this correspondence is contained in a little 
book entitled “The Private Life of Galileo,” published anonymously by Messrs. 
Macmillan in 1870, and I have been much indebted to the author of that volume 
for many of the facts contained in this chapter. 

Galileo was born at Pisa, on 18th February, 1564. He was the eldest son of 
Vincenzo de’ Bonajuti de’ Galilei, a Florentine noble. Notwithstanding his 
illustrious birth and descent, it would seem that the home in which the great 
philosopher’s childhood was spent was an impoverished one. It was obvious at 
least that the young Galileo would have to be provided with some profession by 
which he might earn a livelihood. From his father he derived both by inheritance 
and by precept a keen taste for music, and it appears that he became an excellent 
performer on the lute. He was also endowed with considerable artistic power, 
which he cultivated diligently. Indeed, it would seem that for some time the 
future astronomer entertained the idea of devoting himself to painting as a 
profession. His father, however, decided that he should study medicine. 
Accordingly, we find that when Galileo was seventeen years of age, and had 
added a knowledge of Greek and Latin to his acquaintance with the fine arts, he 
was duly entered at the University of Pisa. 

Here the young philosopher obtained some inkling of mathematics, 
whereupon he became so much interested in this branch of science, that he 


begged to be allowed to study geometry. In compliance with his request, his 
father permitted a tutor to be engaged for this purpose; but he did so with 
reluctance, fearing that the attention of the young student might thus be 
withdrawn from that medical work which was regarded as his primary 
occupation. The event speedily proved that these anxieties were not without 
some justification. The propositions of Euclid proved so engrossing to Galileo 
that it was thought wise to avoid further distraction by terminating the 
mathematical tutor’s engagement. But it was too late for the desired end to be 
attained. Galileo had now made such progress that he was able to continue his 
geometrical studies by himself. Presently he advanced to that famous 47th 
proposition which won his lively admiration, and on he went until he had 
mastered the six books of Euclid, which was a considerable achievement for 
those days. 

The diligence and brilliance of the young student at Pisa did not, however, 
bring him much credit with the University authorities. In those days the 
doctrines of Aristotle were regarded as the embodiment of all human wisdom in 
natural science as well as in everything else. It was regarded as the duty of every 
student to learn Aristotle off by heart, and any disposition to doubt or even to 
question the doctrines of the venerated teacher was regarded as intolerable 
presumption. But young Galileo had the audacity to think for himself about the 
laws of nature. He would not take any assertion of fact on the authority of 
Aristotle when he had the means of questioning nature directly as to its truth or 
falsehood. His teachers thus came to regard him as a somewhat misguided youth, 
though they could not but respect the unflagging industry with which he amassed 
all the knowledge he could acquire. 





GALILEO’S PENDULUM. 

We are so accustomed to the use of pendulums in our clocks that perhaps we 
do not often realise that the introduction of this method of regulating time-pieces 
was really a notable invention worthy the fame of the great astronomer to whom 
it was due. It appears that sitting one day in the Cathedral of Pisa, Galileo’s 
attention became concentrated on the swinging of a chandelier which hung from 
the ceiling. It struck him as a significant point, that whether the arc through 
which the pendulum oscillated was a long one or a short one, the time occupied 
in each vibration was sensibly the same. This suggested to the thoughtful 
observer that a pendulum would afford the means by which a time-keeper might 
be controlled, and accordingly Galileo constructed for the first time a clock on 
this principle. The immediate object sought in this apparatus was to provide a 
means of aiding physicians in counting the pulses of their patients. 

The talents of Galileo having at length extorted due recognition from the 
authorities, he was appointed, at the age of twenty-five, Professor of 
Mathematics at the University of Pisa. Then came the time when he felt himself 


strong enough to throw down the gauntlet to the adherents of the old philosophy. 
As a necessary part of his doctrine on the movement of bodies Aristotle had 
asserted that the time occupied by a stone in falling depends upon its weight, so 
that the heavier the stone the less time would it require to fall from a certain 
height to the earth. It might have been thought that a statement so easily 
confuted by the simplest experiments could never have maintained its position in 
any accepted scheme of philosophy. But Aristotle had said it, and to anyone who 
ventured to express a doubt the ready sneer was forthcoming, “Do you think 
yourself a cleverer man than Aristotle?” Galileo determined to demonstrate in 
the most emphatic manner the absurdity of a doctrine which had for centuries 
received the sanction of the learned. The summit of the Leaning Tower of Pisa 
offered a highly dramatic site for the great experiment. The youthful professor 
let fall from the overhanging top a large heavy body and a small light body 
simultaneously. According to Aristotle the large body ought to have reached the 
ground much sooner than the small one, but such was found not to be the case. 
In the sight of a large concourse of people the simple fact was demonstrated that 
the two bodies fell side by side, and reached the ground at the same time. Thus 
the first great step was taken in the overthrow of that preposterous system of 
unquestioning adhesion to dogma, which had impeded the development of the 
knowledge of nature for nearly two thousand years. 

This revolutionary attitude towards the ancient beliefs was not calculated to 
render Galileo’s relations with the University authorities harmonious. He had 
also the misfortune to make enemies in other quarters. Don Giovanni de Medici, 
who was then the Governor of the Port of Leghorn, had designed some 
contrivance by which he proposed to pump out a dock. But Galileo showed up 
the absurdity of this enterprise in such an aggressive manner that Don Giovanni 
took mortal offence, nor was he mollified when the truths of Galileo’s criticisms 
were abundantly verified by the total failure of his ridiculous invention. In 
various ways Galileo was made to feel his position at Pisa so unpleasant that he 
was at length compelled to abandon his chair in the University. The active 
exertions of his friends, of whom Galileo was so fortunate as to have had 
throughout his life an abundant supply, then secured his election to the 
Professorship of Mathematics at Padua, whither he went in 1592. 





PORTRAIT OF GALILEO. 

It was in this new position that Galileo entered on that marvellous career of 
investigation which was destined to revolutionize science. The zeal with which 
he discharged his professorial duties was indeed of the most unremitting 
character. He speedily drew such crowds to listen to his discourses on Natural 
Philosophy that his lecture-room was filled to overflowing. He also received 
many private pupils in his house for special instruction. Every moment that 
could be spared from these labours was devoted to his private study and to his 
incessant experiments. 

Like many another philosopher who has greatly extended our knowledge of 
nature, Galileo had a remarkable aptitude for the invention of instruments 
designed for philosophical research. To facilitate his practical work, we find that 
in 1599 he had engaged a skilled workman who was to live in his house, and 
thus be constantly at hand to try the devices for ever springing from Galileo’s 
fertile brain. Among the earliest of his inventions appears to have been the 
thermometer, which he constructed in 1602. No doubt this apparatus in its 


primitive form differed in some respects from the contrivance we call by the 
same name. Galileo at first employed water as the agent, by the expansion of 
which the temperature was to be measured. He afterwards saw the advantage of 
using spirits for the same purpose. It was not until about half a century later that 
mercury came to be recognised as the liquid most generally suitable for the 
thermometer. 

The time was now approaching when Galileo was to make that mighty step in 
the advancement of human knowledge which followed on the application of the 
telescope to astronomy. As to how his idea of such an instrument originated, we 
had best let him tell us in his own words. The passage is given in a letter which 
he writes to his brother-in-law, Landucci. 

“I write now because I have a piece of news for you, though whether you will 
be glad or sorry to hear it I cannot say; for I have now no hope of returning to 
my own country, though the occurrence which has destroyed that hope has had 
results both useful and honourable. You must know, then, that two months ago 
there was a report spread here that in Flanders some one had presented to Count 
Maurice of Nassau a glass manufactured in such a way as to make distant objects 
appear very near, so that a man at the distance of two miles could be clearly 
seen. This seemed to me so marvellous that I began to think about it. As it 
appeared to me to have a foundation in the Theory of Perspective, I set about 
contriving how to make it, and at length I found out, and have succeeded so well 
that the one I have made is far superior to the Dutch telescope. It was reported in 
Venice that I had made one, and a week since I was commanded to show it to his 
Serenity and to all the members of the senate, to their infinite amazement. Many 
gentlemen and senators, even the oldest, have ascended at various times the 
highest bell-towers in Venice to spy out ships at sea making sail for the mouth of 
the harbour, and have seen them clearly, though without my telescope they 
would have been invisible for more than two hours. The effect of this instrument 
is to show an object at a distance of say fifty miles, as if it were but five miles.” 

The remarkable properties of the telescope at once commanded universal 
attention among intellectual men. Galileo received applications from several 
quarters for his new instrument, of which it would seem that he manufactured a 
large number to be distributed as gifts to various illustrious personages. 

But it was reserved for Galileo himself to make that application of the 
instrument to the celestial bodies by which its peculiar powers were to 
inaugurate the new era in astronomy. The first discovery that was made in this 
direction appears to have been connected with the number of the stars. Galileo 
saw to his amazement that through his little tube he could count ten times as 
many stars in the sky as his unaided eye could detect. Here was, indeed, a 


surprise. We are now so familiar with the elementary facts of astronomy that it is 
not always easy to realise how the heavens were interpreted by the observers in 
those ages prior to the invention of the telescope. We can hardly, indeed, 
suppose that Galileo, like the majority of those who ever thought of such 
matters, entertained the erroneous belief that the stars were on the surface of a 
sphere at equal distances from the observer. No one would be likely to have 
retained his belief in such a doctrine when he saw how the number of visible 
stars could be increased tenfold by means of Galileo’s telescope. It would have 
been almost impossible to refuse to draw the inference that the stars thus brought 
into view were still more remote objects which the telescope was able to reveal, 
just in the same way as it showed certain ships to the astonished Venetians, 
when at the time these ships were beyond the reach of unaided vision. 

Galileo’s celestial discoveries now succeeded each other rapidly. That 
beautiful Milky Way, which has for ages been the object of admiration to all 
lovers of nature, never disclosed its true nature to the eye of man till the 
astronomer of Padua turned on it his magic tube. The splendid zone of silvery 
light was then displayed as star-dust scattered over the black background of the 
sky. It was observed that though the individual stars were too small to be seen 
severally without optical aid, yet such was their incredible number that the 
celestial radiance produced that luminosity with which every stargazer was so 
familiar. 

But the greatest discovery made by the telescope in these early days, perhaps, 
indeed, the greatest discovery that the telescope has ever accomplished, was the 
detection of the system of four satellites revolving around the great planet 
Jupiter. This phenomenon was so wholly unexpected by Galileo that, at first, he 
could hardly believe his eyes. However, the reality of the existence of a system 
of four moons attending the great planet was soon established beyond all 
question. Numbers of great personages crowded to Galileo to see for themselves 
this beautiful miniature representing the sun with its system of revolving planets. 

Of course there were, as usual, a few incredulous people who refused to 
believe the assertion that four more moving bodies had to be added to the 
planetary system. They scoffed at the notion; they said the satellites may have 
been in the telescope, but that they were not in the sky. One sceptical 
philosopher is reported to have affirmed, that even if he saw the moons of 
Jupiter himself he would not believe in them, as their existence was contrary to 
the principles of common-sense! 

There can be no doubt that a special significance attached to the new 
discovery at this particular epoch in the history of science. It must be 
remembered that in those days the doctrine of Copernicus, declaring that the sun, 


and not the earth, was the centre of the system, that the earth revolved on its axis 
once a day, and that it described a mighty circle round the sun once a year, had 
only recently been promulgated. This new view of the scheme of nature had 
been encountered with the most furious opposition. It may possibly have been 
that Galileo himself had not felt quite confident in the soundness of the 
Copernican theory, prior to the discovery of the satellites of Jupiter. But when a 
picture was there exhibited in which a number of relatively small globes were 
shown to be revolving around a single large globe in the centre, it seemed 
impossible not to feel that the beautiful spectacle so displayed was an emblem of 
the relations of the planets to the sun. It was thus made manifest to Galileo that 
the Copernican theory of the planetary system must be the true one. The 
momentous import of this opinion upon the future welfare of the great 
philosopher will presently appear. 

It would seem that Galileo regarded his residence at Padua as a State of 
undesirable exile from his beloved Tuscany. He had always a yearning to go 
back to his own country and at last the desired opportunity presented itself. For 
now that Galileo’s fame had become so great, the Grand Duke of Tuscany 
desired to have the philosopher resident at Florence, in the belief that he would 
shed lustre on the Duke’s dominions. Overtures were accordingly made to 
Galileo, and the consequence was that in 1616 we find him residing at Florence, 
bearing the title of Mathematician and Philosopher to the Grand Duke. 

Two daughters, Polissena and Virginia, and one son, Vincenzo, had been born 
to Galileo in Padua. It was the custom in those days that as soon as the daughter 
of an Italian gentleman had grown up, her future career was somewhat 
summarily decided. Either a husband was to be forthwith sought out, or she was 
to enter the convent with the object of taking the veil as a professed nun. It was 
arranged that the two daughters of Galileo, while still scarcely more than 
children, should both enter the Franciscan convent of St. Matthew, at Arcetri. 
The elder daughter Polissena, took the name of Sister Maria Celeste, while 
Virginia became Sister Arcangela. The latter seems to have been always delicate 
and subject to prolonged melancholy, and she is of but little account in the 
narrative of the life of Galileo. But Sister Maria Celeste, though never leaving 
the convent, managed to preserve a close intimacy with her beloved father. This 
was maintained only partly by Galileo’s visits, which were very irregular and 
were, indeed, often suspended for long intervals. But his letters to this daughter 
were evidently frequent and affectionate, especially in the latter part of his life. 
Most unfortunately, however, all his letters have been lost. There are grounds for 
believing that they were deliberately destroyed when Galileo was seized by the 
Inquisition, lest they should have been used as evidence against him, or lest they 


should have compromised the convent where they were received. But Sister 
Maria Celeste’s letters to her father have happily been preserved, and most 
touching these letters are. We can hardly read them without thinking how the 
sweet and gentle nun would have shrunk from the idea of their publication. 

Her loving little notes to her “dearest lord and father,’ as she used 
affectionately to call Galileo, were almost invariably accompanied by some gift, 
trifling it may be, but always the best the poor nun had to bestow. The tender 
grace of these endearing communications was all the more precious to him from 
the fact that the rest of Galileo’s relatives were of quite a worthless description. 
He always acknowledged the ties of his kindred in the most generous way, but 
their follies and their vices, their selfishness and their importunities, were an 
incessant source of annoyance to him, almost to the last day of his life. 

On 19th December, 1625, Sister Maria Celeste writes: — 

“T send two baked pears for these days of vigil. But as the greatest treat of all, 
I send you a rose, which ought to please you extremely, seeing what a rarity it is 
at this season; and with the rose you must accept its thorns, which represent the 
bitter passion of our Lord, whilst the green leaves represent the hope we may 
entertain that through the same sacred passion we, having passed through the 
darkness of the short winter of our mortal life, may attain to the brightness and 
felicity of an eternal spring in heaven.” 

When the wife and children of Galileo’s shiftless brother came to take up 
their abode in the philosopher’s home, Sister Maria Celeste feels glad to think 
that her father has now some one who, however imperfectly, may fulfil the duty 
of looking after him. A graceful note on Christmas Eve accompanies her little 
gifts. She hopes that — 

“In these holy days the peace of God may rest on him and all the house. The 
largest collar and sleeves I mean for Albertino, the other two for the two younger 
boys, the little dog for baby, and the cakes for everybody, except the spice- 
cakes, which are for you. Accept the good-will which would readily do much 
more.” 

The extraordinary forbearance with which Galileo continually placed his 
time, his purse, and his influence at the service of those who had repeatedly 
proved themselves utterly unworthy of his countenance, is thus commented on 
by the good nun. — 

“Now it seems to me, dearest lord and father, that your lordship is walking in 
the right path, since you take hold of every occasion that presents itself to 
shower continual benefits on those who only repay you with ingratitude. This is 
an action which is all the more virtuous and perfect as it is the more difficult.” 


When the plague was raging in the neighbourhood, the loving daughter’s 
solicitude is thus shown: — 

“I send you two pots of electuary as a preventive against the plague. The one 
without the label consists of dried figs, walnuts, rue, and salt, mixed together 
with honey. A piece of the size of a walnut to be taken in the morning, fasting, 
with a little Greek wine.” 

The plague increasing still more, Sister Maria Celeste obtained with much 
difficulty, a small quantity of a renowned liqueur, made by Abbess Ursula, an 
exceptionally saintly nun. This she sends to her father with the words: — 

“I pray your lordship to have faith in this remedy. For if you have so much 
faith in my poor miserable prayers, much more may you have in those of such a 
holy person; indeed, through her merits you may feel sure of escaping all danger 
from the plague.” 

Whether Galileo took the remedy we do not know, but at all events he 
escaped the plague. 





THE VILLA ARCETRI. Galileo’s residence, where Milton visited him. 
From Galileo’s new home in Florence the telescope was again directed to the 
skies, and again did astounding discoveries reward the astronomer’s labours. The 
great success which he had met with in studying Jupiter naturally led Galileo to 


look at Saturn. Here he saw a spectacle which was sufficiently amazing, though 
he failed to interpret it accurately. It was quite manifest that Saturn did not 
exhibit a simple circular disc like Jupiter, or like Mars. It seemed to Galileo as if 
the planet consisted of three bodies, a large globe in the centre, and a smaller one 
on each side. The enigmatical nature of the discovery led Galileo to announce it 
in an enigmatical manner. He published a string of letters which, when duly 
transposed, made up a sentence which affirmed that the planet Saturn was 
threefold. Of course we now know that this remarkable appearance of the planet 
was due to the two projecting portions of the ring. With the feeble power of 
Galileo’s telescope, these seemed merely like small globes or appendages to the 
large central body. 

The last of Galileo’s great astronomical discoveries related to the libration of 
the moon. I think that the detection of this phenomenon shows his acuteness of 
observation more remarkably than does any one of his other achievements with 
the telescope. It is well known that the moon constantly keeps the same face 
turned towards the earth. When, however, careful measurements have been made 
with regard to the spots and marks on the lunar surface, it is found that there is a 
slight periodic variation which permits us to see now a little to the east or to the 
west, now a little to the north or to the south of the average lunar disc. 

But the circumstances which make the career of Galileo so especially 
interesting from the biographer’s point of view, are hardly so much the triumphs 
that he won as the sufferings that he endured. The sufferings and the triumphs 
were, however, closely connected, and it is fitting that we should give due 
consideration to what was perhaps the greatest drama in the history of science. 

On the appearance of the immortal work of Copernicus, in which it was 
taught that the earth rotated on its axis, and that the earth, like the other planets, 
revolved round the sun, orthodoxy stood aghast. The Holy Roman Church 
submitted this treatise, which bore the name “De Revolutionibus Orbium 
Coelestium,” to the Congregation of the Index. After due examination it was 
condemned as heretical in 1615. Galileo was suspected, on no doubt excellent 
grounds, of entertaining the objectionable views of Copernicus. He was 
accordingly privately summoned before Cardinal Bellarmine on 26th February 
1616, and duly admonished that he was on no account to teach or to defend the 
obnoxious doctrines. Galileo was much distressed by this intimation. He felt it a 
serious matter to be deprived of the privilege of discoursing with his friends 
about the Copernican system, and of instructing his disciples in the principles of 
the great theory of whose truth he was perfectly convinced. It pained him, 
however, still more to think, devout Catholic as he was, that such suspicions of 


his fervent allegiance to his Church should ever have existed, as were implied by 
the words and monitions of Cardinal Bellarmine. 

In 1616, Galileo had an interview with Pope Paul V., who received the great 
astronomer very graciously, and walked up and down with him in conversation 
for three-quarters of an hour. Galileo complained to his Holiness of the attempts 
made by his enemies to embarrass him with the authorities of the Church, but the 
Pope bade him be comforted. His Holiness had himself no doubts of Galileo’s 
orthodoxy, and he assured him that the Congregation of the Index should give 
Galileo no further trouble so long as Paul V. was in the chair of St. Peter. 

On the death of Paul V. in 1623, Maffeo Barberini was elected Pope, as 
Urban VII. This new Pope, while a cardinal, had been an intimate friend of 
Galileo’s, and had indeed written Latin verses in praise of the great astronomer 
and his discoveries. It was therefore not unnatural for Galileo to think that the 
time had arrived when, with the use of due circumspection, he might continue 
his studies and his writings, without fear of incurring the displeasure of the 
Church. Indeed, in 1624, one of Galileo’s friends writing from Rome, urges 
Galileo to visit the city again, and added that — 

“Under the auspices of this most excellent, learned, and benignant Pontiff, 
science must flourish. Your arrival will be welcome to his Holiness. He asked 
me if you were coming, and when, and in short, he seems to love and esteem you 
more than ever.” 

The visit was duly paid, and when Galileo returned to Florence, the Pope 
wrote a letter from which the following is an extract, commanding the 
philosopher to the good offices of the young Ferdinand, who had shortly before 
succeeded his father in the Grand Duchy of Tuscany. 

“We find in Galileo not only literary distinction, but also the love of piety, 
and he is also strong in those qualities by which the pontifical good-will is easily 
obtained. And now, when he has been brought to this city to congratulate us on 
our elevation, we have very lovingly embraced him; nor can we suffer him to 
return to the country whither your liberality calls him, without an ample 
provision of pontifical love. And that you may know how dear he is to us, we 
have willed to give him this honourable testimonial of virtue and piety. And we 
further signify that every benefit which you shall confer upon him, imitating or 
even surpassing your father’s liberality, will conduce to our gratification.” 

The favourable reception which had been accorded to him by Pope Urban 
VIII. seems to have led Galileo to expect that there might be some corresponding 
change in the attitude of the Papal authorities on the great question of the 
stability of the earth. He accordingly proceeded with the preparation of the chief 
work of his life, “The Dialogue of the two Systems.” It was submitted for 


inspection by the constituted authorities. The Pope himself thought that, if a few 
conditions which he laid down were duly complied with, there could be no 
objection to the publication of the work. In the first place, the title of the book 
was to be so carefully worded as to show plainly that the Copernican doctrine 
was merely to be regarded as an hypothesis, and not as a scientific fact. Galileo 
was also instructed to conclude the book with special arguments which had been 
supplied by the Pope himself, and which appeared to his Holiness to be quite 
conclusive against the new doctrine of Copernicus. 

Formal leave for the publication of the Dialogue was then given to Galileo by 
the Inquisitor General, and it was accordingly sent to the press. It might be 
thought that the anxieties of the astronomer about his book would then have 
terminated. As a matter of fact, they had not yet seriously begun. Riccardi, the 
Master of the Sacred Palace, having suddenly had some further misgivings, sent 
to Galileo for the manuscript while the work was at the printer’s, in order that 
the doctrine it implied might be once again examined. Apparently, Riccardi had 
come to the conclusion that he had not given the matter sufficient attention, 
when the authority to go to press had been first and, perhaps, hastily given. 
Considerable delay in the issue of the book was the result of these further 
deliberations. At last, however, in June, 1632, Galileo’s great work, “The 
Dialogue of the two Systems,” was produced for the instruction of the world, 
though the occasion was fraught with ruin to the immortal author. 





FACSIMILE SKETCH OF LUNAR SURFACE BY GALILEO. 

The book, on its publication, was received and read with the greatest avidity. 
But presently the Master of The Sacred Palace found reason to regret that he had 
given his consent to its appearance. He accordingly issued a peremptory order to 
sequestrate every copy in Italy. This sudden change in the Papal attitude towards 
Galileo formed the subject of a strong remonstrance addressed to the Roman 
authorities by the Grand Duke of Tuscany. The Pope himself seemed to have 
become impressed all at once with the belief that the work contained matter of 
an heretical description. The general interpretation put upon the book seems to 
have shown the authorities that they had mistaken its true tendency, 
notwithstanding the fact that it had been examined again and again by 
theologians deputed for the duty. To the communication from the Grand Duke 
the Pope returned answer, that he had decided to submit the book to a 
congregation of “learned, grave, and saintly men,” who would weigh every word 
in it. The views of his Holiness personally on the subject were expressed in his 


belief that the Dialogue contained the most perverse matter that could come into 
a reader’s hands. 

The Master of the Sacred Palace was greatly blamed by the authorities for 
having given his sanction to its issue. He pleaded that the book had not been 
printed in the precise terms of the original manuscript which had been submitted 
to him. It was also alleged that Galileo had not adhered to his promise of 
inserting properly the arguments which the Pope himself had given in support of 
the old and orthodox view. One of these had, no doubt, been introduced, but, so 
far from mending Galileo’s case, it had made matters really look worse for the 
poor philosopher. The Pope’s argument had been put into the mouth of one of 
the characters in the Dialogue named “Simplicio.” Galileo’s enemies maintained 
that by adopting such a method for the expression of his Holiness’s opinion, 
Galileo had intended to hold the Pope himself up to ridicule. Galileo’s friends 
maintained that nothing could have been farther from his intention. It seems, 
however, highly probable that the suspicions thus aroused had something to say 
to the sudden change of front on the part of the Papal authorities. 

On ist October, 1632, Galileo received an order to appear before the 
Inquisition at Rome on the grave charge of heresy. Galileo, of course, expressed 
his submission, but pleaded for a respite from compliance with the summons, on 
the ground of his advanced age and his failing health. The Pope was, however, 
inexorable; he said that he had warned Galileo of his danger while he was still 
his friend. The command could not be disobeyed. Galileo might perform the 
journey as slowly as he pleased, but it was imperatively necessary for him to set 
forth and at once. 

On 20th January, 1633, Galileo started on his weary journey to Rome, in 
compliance with this peremptory summons. On 13th February he was received 
as the guest of Niccolini, the Tuscan ambassador, who had acted as his wise and 
ever-kind friend throughout the whole affair. It seemed plain that the Holy 
Office were inclined to treat Galileo with as much clemency and consideration 
as was consistent with the determination that the case against him should be 
proceeded with to the end. The Pope intimated that in consequence of his respect 
for the Grand Duke of Tuscany he should permit Galileo to enjoy the privilege, 
quite unprecedented for a prisoner charged with heresy, of remaining as an 
inmate in the ambassador’s house. He ought, strictly, to have been placed in the 
dungeons of the Inquisition. When the examination of the accused had actually 
commenced, Galileo was confined, not, indeed, in the dungeons, but in 
comfortable rooms at the Holy Office. 

By the judicious and conciliatory language of submission which Niccolini 
had urged Galileo to use before the Inquisitors, they were so far satisfied that 


they interceded with the Pope for his release. During the remainder of the trial 
Galileo was accordingly permitted to go back to the ambassador’s, where he was 
most heartily welcomed. Sister Maria Celeste, evidently thinking this meant that 
the whole case was at an end, thus expresses herself: — 

“The joy that your last dear letter brought me, and the having to read it over 
and over to the nuns, who made quite a jubilee on hearing its contents, put me 
into such an excited state that at last I got a severe attack of headache.” 

In his defence Galileo urged that he had already been acquitted in 1616 by 
Cardinal Bellarmine, when a charge of heresy was brought against him, and he 
contended that anything he might now have done, was no more than he had done 
on the preceding occasion, when the orthodoxy of his doctrines received solemn 
confirmation. The Inquisition seemed certainly inclined to clemency, but the 
Pope was not satisfied. Galileo was accordingly summoned again on the 21st 
June. He was to be threatened with torture if he did not forthwith give 
satisfactory explanations as to the reasons which led him to write the Dialogue. 
In this proceeding the Pope assured the Tuscan ambassador that he was treating 
Galileo with the utmost consideration possible in consequence of his esteem and 
regard for the Grand Duke, whose servant Galileo was. It was, however, 
necessary that some exemplary punishment be meted out to the astronomer, 
inasmuch as by the publication of the Dialogue he had distinctly disobeyed the 
injunction of silence laid upon him by the decree of 1616. Nor was it admissible 
for Galileo to plead that his book had been sanctioned by the Master of the 
Sacred College, to whose inspection it had been again and again submitted. It 
was held, that if the Master of the Sacred College had been unaware of the 
solemn warning the philosopher had already received sixteen years previously, it 
was the duty of Galileo to have drawn his attention to that fact. 

On the 22nd June, 1633, Galileo was led to the great hall of the Inquisition, 
and compelled to kneel before the cardinals there assembled and hear his 
sentence. In a long document, most elaborately drawn up, it is definitely charged 
against Galileo that, in publishing the Dialogue, he committed the essentially 
grave error of treating the doctrine of the earth’s motion as open to discussion. 
Galileo knew, so the document affirmed, that the Church had emphatically 
pronounced this notion to be contrary to Holy Writ, and that for him to consider 
a doctrine so stigmatized as having any shadow of probability in its favour was 
an act of disrespect to the authority of the Church which could not be 
overlooked. It was also charged against Galileo that in his Dialogue he has put 
the strongest arguments into the mouth, not of those who supported the orthodox 
doctrine, but of those who held the theory as to the earth’s motion which the 
Church had so deliberately condemned. 


After due consideration of the defence made by the prisoner, it was thereupon 
decreed that he had rendered himself vehemently suspected of heresy by the 
Holy Office, and in consequence had incurred all the censures and penalties of 
the sacred canons, and other decrees promulgated against such persons. The 
graver portion of these punishments would be remitted, if Galileo would 
solemnly repudiate the heresies referred to by an abjuration to be pronounced by 
him in the terms laid down. 

At the same time it was necessary to mark, in some emphatic manner, the 
serious offence which had been committed, so that it might serve both as a 
punishment to Galileo and as a warning to others. It was accordingly decreed 
that he should be condemned to imprisonment in the Holy Office during the 
pleasure of the Papal authorities, and that he should recite once a week for three 
years the seven Penitential Psalms. 

Then followed that ever-memorable scene in the great hall of the Inquisition, 
in which the aged and infirm Galileo, the inventor of the telescope and the 
famous astronomer, knelt down to abjure before the most eminent and reverend 
Lords Cardinal, Inquisitors General throughout the Christian Republic against 
heretical depravity. With his hands on the Gospels, Galileo was made to curse 
and detest the false opinion that the sun was the centre of the universe and 
immovable, and that the earth was not the centre of the same, and that it moved. 
He swore that for the future he will never say nor write such things as may bring 
him under suspicion, and that if he does so he submits to all the pains and 
penalties of the sacred canons. This abjuration was subsequently read in 
Florence before Galileo’s disciples, who had been specially summoned to attend. 

It has been noted that neither on the first occasion, in 1616, nor on the second 
in 1633, did the reigning Pope sign the decrees concerning Galileo. The 
contention has accordingly been made that Paul V. and Urban VIII. are both 
alike vindicated from any technical responsibility for the attitude of the Romish 
Church towards the Copernican doctrines. The significance of this circumstance 
has been commented on in connection with the doctrine of the infallibility of the 
Pope. 

We can judge of the anxiety felt by Sister Maria Celeste about her beloved 
father during these terrible trials. The wife of the ambassador Niccolini, 
Galileo’s steadfast friend, most kindly wrote to give the nun whatever quieting 
assurances the case would permit. There is a renewed flow of these touching 
epistles from the daughter to her father. Thus she sends word — 

“The news of your fresh trouble has pierced my soul with grief all the more 
that it came quite unexpectedly.” 


And again, on hearing that he had been permitted to leave Rome, she writes 

“T wish I could describe the rejoicing of all the mothers and sisters on hearing 
of your happy arrival at Siena. It was indeed most extraordinary. On hearing the 
news the Mother Abbess and many of the nuns ran to me, embracing me and 
weeping for joy and tenderness.” 

The sentence of imprisonment was at first interpreted leniently by the Pope. 
Galileo was allowed to reside in qualified durance in the archbishop’s house at 
Siena. Evidently the greatest pain that he endured arose from the forced 
separation from that daughter, whom he had at last learned to love with an 
affection almost comparable with that she bore to him. She had often told him 
that she never had any pleasure equal to that with which she rendered any 
service to her father. To her joy, she discovers that she can relieve him from the 
task of reciting the seven Penitential Psalms which had been imposed as a 
Penance: — 

“T began to do this a while ago,” she writes, “and it gives me much pleasure. 
First, because I am persuaded that prayer in obedience to Holy Church must be 
efficacious; secondly, in order to save you the trouble of remembering it. If I had 
been able to do more, most willingly would I have entered a straiter prison than 
the one I live in now, if by so doing I could have set you at liberty.” 
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CREST OF GALILEO’S FAMILY. 

Sister Maria Celeste was gradually failing in health, but the great privilege 
was accorded to her of being able once again to embrace her beloved lord and 
master. Galileo had, in fact, been permitted to return to his old home; but on the 
very day when he heard of his daughter’s death came the final decree directing 
him to remain in his own house in perpetual solitude. 

Amid the advancing infirmities of age, the isolation from friends, and the loss 
of his daughter, Galileo once again sought consolation in hard work. He 
commenced his famous dialogue on Motion. Gradually, however, his sight 
began to fail, and blindness was at last added to his other troubles. On January 
2nd, 1638, he writes to Diodati: — 

“Alas, your dear friend and servant, Galileo, has been for the last month 
perfectly blind, so that this heaven, this earth, this universe which I by my 
marvellous discoveries and clear demonstrations have enlarged a hundred 
thousand times beyond the belief of the wise men of bygone ages, henceforward 


is for me shrunk into such a small space as is filled by my own bodily 
sensations.” 

But the end was approaching — the great philosopher, was attacked by low 
fever, from which he died on the 8th January, 1643. 


BRIEF BIOGRAPHY: GALILEO GALILIEI 


oS 








From 1911 Encyclopedia Britannica, Volume 11 


GALILEO GALILIEI (1564-1642), Italian astronomer and experimental 
philosopher, was born at Pisa on the 15th of February 1564. His father, 
Vincenzio, was an impoverished descendant of a noble Florentine house, which 
had exchanged the surname of Bonajuti for that of Galilei, on the election, in 
1343, of one of its members, Tommaso de’ Bonajuti, to the college of the twelve 
Buonuomini. The family, which was nineteen times represented in the signoria, 
and in 1445 gave a gonfalonier to Florence, flourished with the republic and 
declined with its fall. Vincenzio Galilei was a man of better parts than fortune. 
He was a competent mathematician, wrote with considerable ability on the 
theory and practice of music, and was especially distinguished amongst his 
contemporaries for the grace and skill of his performance upon the lute. By his 
wife, Giulia Ammannati of Pescia, he had three sons and four daughters. 

From his earliest childhood Galileo, the eldest of the family, was remarkable 
for intellectual aptitude as well as for mechanical invention. His favourite 
pastime was the construction of original and ingenious toy-machines; but his 
application to literary studies was equally conspicuous. In the monastery of 
Vallombrosa, near Florence, where his education was principally conducted, he 
not only made himself acquainted with the best Latin authors, but acquired a fair 
command of the Greek tongue, thus laying the foundation of his brilliant and 
elegant style. From one of the monks he also received instruction in logic; but 
the subtleties of the scholastic science were thoroughly distasteful to him. A 
document published by F. Selmi in 1864 proves that he was at this time so far 
attracted towards a religious life as to have joined the novitiate; but his father, 
who had other designs for him, seized the opportunity of an attack of ophthalmia 
to withdraw him permanently from the care of the monks. Having had personal 
experience of the unremunerative character both of music and of mathematics, 
he desired that his son should apply himself to the cultivation of medicine, and, 
not without some straining of his slender resources, placed him, before he had 
completed his eighteenth year, at the university of Pisa. He accordingly 
matriculated there on the 5th of November 1581, and immediately entered upon 
attendance at the lectures of the celebrated physician and botanist, Andrea 
Cesalpino. 


The natural gifts of the young student seemed at this time equally ready to 
develop in any direction towards which choice or hazard might incline them. In 
musical skill and invention he already vied with the best professors of the art in 
Italy; his personal taste would have led him to choose painting as his profession, 
and one of the most eminent artists of his day, Lodovico Cigoli, owned that to 
his judgment and counsel he was mainly indebted for the success of his works. 
In 1581, while watching a lamp set swinging in the cathedral of Pisa, he 
observed that, whatever the range of its oscillations, they were invariably 
executed in equal times. The experimental verification of this fact led him to the 
important discovery of the isochronism of the pendulum. He at first applied the 
new principle to pulse-measurement, and more than fifty years later turned it to 
account in the construction of an astronomical clock. Up to this time he was 
entirely ignorant of mathematics, his father having carefully held him aloof from 
a study which he rightly apprehended would lead to his total alienation from that 
of medicine. Accident, however, frustrated this purpose. A lesson in geometry, 
given by Ostilio Ricci to the pages of the grand-ducal court, chanced, tradition 
avers, to have Galileo for an unseen listener; his attention was riveted, his 
dormant genius was roused, and he threw all his energies into the new pursuit 
thus unexpectedly presented to him. With Ricci’s assistance, he rapidly mastered 
the elements of the science, and eventually extorted his father’s reluctant 
permission to exchange Hippocrates and Galen for Euclid and Archimedes. In 
1585 he was withdrawn from the university, through lack of means, before he 
had taken a degree, and returned to Florence, where his family habitually 
resided. We next hear of him as lecturing before the Florentine Academy on the 
site and dimensions of Dante’s Inferno; and he shortly afterwards published an 
essay descriptive of his invention of the hydrostatic balance, which rapidly made 
his name known throughout Italy. His first patron was the Marchese Guidubaldo 
del Monte of Pesaro, a man equally eminent in science, and influential through 
family connexions. At the Marchese’s request he wrote, in 1588, a treatise on the 
centre of gravity in solids, which obtained for him, together with the title of “the 
Archimedes of his time,” the honourable though not lucrative post of 
mathematical lecturer at the Pisan university. During the ensuing two years 
(1589-1591) he carried on that remarkable series of experiments by which he 
established the first principles of dynamics and earned the undying hostility of 
bigoted Aristotelians. From the leaning tower of Pisa he afforded to all the 
professors and students of the university ocular demonstration of the falsehood 
of the Peripatetic dictum that heavy bodies fall with velocities proportional to 
their weights, and with unanswerable logic demolished all the time-honoured 
maxims of the schools regarding the motion of projectiles, and elemental weight 


or levity. But while he convinced, he failed to conciliate his adversaries. The 
keen sarcasm of his polished rhetoric was not calculated to soothe the 
susceptibilities of men already smarting under the deprivation of their most 
cherished illusions. He seems, in addition, to have compromised his position 
with the grand-ducal family by the imprudent candour with which he condemned 
a machine for clearing the port of Leghorn, invented by Giovanni de’ Medici, an 
illegitimate son of Cosmo I. Princely favour being withdrawn, private rancour 
was free to show itself. He was publicly hissed at his lecture, and found it 
prudent to resign his professorship and withdraw to Florence in 1591. Through 
the death of his father in July of that year family cares and responsibilities 
devolved upon him, and thus his nomination to the chair of mathematics at the 
university of Padua, secured by the influence of the Marchese Guidubaldo with 
the Venetian senate, was welcome both as affording a relief from pecuniary 
embarrassment and as opening a field for scientific distinction. 

His residence at Padua, which extended over a period of eighteen years, from 
1592 to 1610, was a course of uninterrupted prosperity. His appointment was 
three times renewed, on each occasion with the expressions of the highest 
esteem on the part of the governing body, and his yearly salary was 
progressively raised from 180 to 1000 florins. His lectures were attended by 
persons of the highest distinction from all parts of Europe, and such was the 
charm of his demonstrations that a hall capable of containing 2000 people had 
eventually to be assigned for the accommodation of the overflowing audiences 
which they attracted. His invention of the proportional compass or sector — an 
implement still used in geometrical drawing — dates from 1597; and about the 
same time he constructed the first thermometer, consisting of a bulb and tube 
filled with air and water, and terminating in a vessel of water. In this instrument 
the results of varying atmospheric pressure were not distinguishable from the 
expansive and contractive effects of heat and cold, and it became an efficient 
measure of temperature only when Rinieri, in 1646, introduced the improvement 
of hermetically sealing the liquid in glass. The substitution, in 1670, of mercury 
for water completed the modern thermometer. 

Galileo seems, at an early period of his life, to have adopted the Copernican 
theory of the solar system, and was deterred from avowing his opinions — as is 
proved by his letter to Kepler of August 4, 1597 — by the fear of ridicule rather 
than of persecution. The appearance, in September 1604, of a new star in the 
constellation Serpentarius afforded him indeed an opportunity, of which he 
eagerly availed himself, for making an onslaught upon the Aristotelian axiom of 
the incorruptibility of the heavens; but he continued to conform his public 
teachings in the main to Ptolemaic principles, until the discovery of a novel and 


potent implement of research in the shape of the telescope (q.v.) placed at his 
command startling and hitherto unsuspected evidence as to the constitution and 
mutual relations of the heavenly bodies. Galileo was not the original inventor of 
the telescope. That honour must be assigned to Johannes Lippershey, an obscure 
optician of Middleburg, who, on the 2nd of October 1608, petitioned the states- 
general of the Low Countries for exclusive rights in the manufacture of an 
instrument for increasing the apparent size of remote objects. A rumour of the 
new invention, which reached Venice in June 1609, sufficed to set Galileo on the 
track; and after one night’s profound meditation on the principles of refraction, 
he succeeded in producing a telescope of threefold magnifying power. Upon this 
first attempt he rapidly improved, until he attained to a power of thirty-two, and 
his instruments, of which he manufactured hundreds with his own hands, were 
soon in request in every part of Europe. Two lenses only — a plano-convex and 
a plano-concave — were needed for the composition of each, and this simple 
principle is that still employed in the construction of opera-glasses. Galileo’s 
direction of his new instrument to the heavens formed an era in the history of 
astronomy. Discoveries followed upon it with astounding rapidity and in 
bewildering variety. The Sidereus Nuncius, published at Venice early in 1610, 
contained the first-fruits of the new mode of investigation, which were sufficient 
to excite learned amazement on both sides of the Alps. The mountainous 
configuration of the moon’s surface was there first described, and the so-called 
“phosphorescence” of the dark portion of our satellite attributed to its true cause 
— namely, illumination by sunlight reflected from the earth. All the time-worn 
fables and conjectures regarding the composition of the Milky Way were at once 
dissipated by the simple statement that to the eye, reinforced by the telescope, it 
appeared as a congeries of lesser stars, while the great nebulae were equally 
declared to be resolvable into similar elements. But the discovery which was at 
once perceived to be most important in itself, and most revolutionary in its 
effects, was that of Jupiter’s satellites, first seen by Galileo on the 7th of January 
1610, and by him named Sidera Medicea, in honour of the grand-duke of 
Tuscany, Cosmo II., who had been his pupil, and was about to become his 
employer. An illustration is, with the general run of mankind, more powerful to 
convince than an argument; and the cogency of the visible plea for the 
Copernican theory offered by the miniature system, then first disclosed to view, 
was recognizable in the triumph of its advocates as well as in the increased 
acrimony of its opponents. 

In September 1610 Galileo finally abandoned Padua for Florence. His 
researches with the telescope had been rewarded by the Venetian senate with the 
appointment for life to his professorship, at an unprecedentedly high salary. His 


discovery of the “Medicean Stars” was acknowledged by his nomination (July 
12, 1610) as philosopher and mathematician extraordinary to the grand-duke of 
Tuscany. The emoluments of this office, which involved no duties save that of 
continuing his scientific labours, were fixed at 1000 scudi; and it was the desire 
of increased leisure, rather than the promptings of local patriotism, which 
induced him to accept an offer the original suggestion of which had indeed come 
from himself. Before the close of 1610 the memorable cycle of discoveries 
begun in the previous year was completed by the observation of the ansated or, 
as it appeared to Galileo, triple form of Saturn (the ring-formation was first 
recognized by Christiaan Huygens in 1655), of the phases of Venus, and of the 
spots upon the sun. As regards sun-spots, however, Johann Fabricius of Osteel in 
Friesland can claim priority of publication, if not of actual detection. In the 
spring of 1611 Galileo visited Rome, and exhibited in the gardens of the Quirinal 
Palace the telescopic wonders of the heavens to the most eminent personages at 
the pontifical court. Encouraged by the flattering reception accorded to him, he 
ventured, in his Letters on the Solar Spots, printed at Rome in 1613, to take up a 
more decided position towards that doctrine on the establishment of which, as he 
avowed in a letter to Belisario Vinta, secretary to the grand-duke, “all his life 
and being henceforward depended.” Even in the time of Copernicus some well- 
meaning persons, especially those of the reformed persuasion, had suspected a 
discrepancy between the new view of the solar system and certain passages of 
Scripture — a suspicion strengthened by the anti-Christian inferences drawn 
from it by Giordano Bruno; but the question was never formally debated until 
Galileo’s brilliant disclosures, enhanced by his formidable dialectic and 
enthusiastic zeal, irresistibly challenged for it the attention of the authorities. 
Although he had no desire to raise the theological issue, it must be admitted that, 
the discussion once set on foot, he threw himself into it with characteristic 
impetuosity, and thus helped to precipitate a decision which it was his interest to 
avert. In December 1613 a Benedictine monk named Benedetto Castelli, at that 
time professor of mathematics at the university of Pisa, wrote to inform Galileo 
of a recent discussion at the grand-ducal table, in which he had been called upon 
to defend the Copernican doctrine against theological objections. This task 
Castelli, who was a steady friend and disciple of the Tuscan astronomer, seems 
to have discharged with moderation and success. Galileo’s answer, written, as he 
said himself, currente calamo, was an exposition of a formal theory as to the 
relations of physical science to Holy Writ, still further developed in an elaborate 
apology addressed by him in the following year (1614) to Christina of Lorraine, 
dowager grand-duchess of Tuscany. Not satisfied with explaining adverse texts, 
he met his opponents with unwise audacity on their own ground, and 


endeavoured to produce scriptural confirmation of a system which seemed to the 
ignorant many an incredible paradox, and to the scientific few a beautiful but 
daring innovation. The rising agitation on the subject, fomented for their own 
purposes by the rabid Aristotelians of the schools, was heightened rather than 
allayed by these manifestoes, and on the fourth Sunday of the following Advent 
found a voice in the pulpit of Santa Maria Novella. Padre Caccini’s denunciation 
of the new astronomy was indeed disavowed and strongly condemned by his 
superiors; nevertheless, on the 5th of February 1615, another Dominican monk 
named Lorini laid Galileo’s letter to Castelli before the Inquisition. 

Cardinal Robert Bellarmin was at that time by far the most influential 
member of the Sacred College. He was a man of vast learning and upright piety, 
but, although personally friendly to Galileo, there is no doubt that he saw in his 
scientific teachings a danger to religion. The year 1615 seems to have been a 
period of suspense. Galileo received, as the result of a conference between 
Cardinals Bellarmin and Del Monte, a semi-official warning to avoid theology, 
and limit himself to physical reasoning. “Write freely,’ he was told by 
Monsignor Dini, “but keep outside the sacristy.” Unfortunately, he had already 
committed himself to dangerous ground. In December he repaired personally to 
Rome, full of confidence that the weight of his arguments and the vivacity of his 
eloquence could not fail to convert the entire pontifical court to his views. He 
was cordially received, and eagerly listened to, but his imprudent ardour served 
but to injure his cause. On the 24th of February 1616 the consulting theologians 
of the Holy Office characterized the two propositions — that the sun is 
immovable in the centre of the world, and that the earth has a diurnal motion of 
rotation — the first as “absurd in philosophy, and formally heretical, because 
expressly contrary to Holy Scripture,’ and the second as “open to the same 
censure in philosophy, and at least erroneous as to faith.” Two days later Galileo 
was, by command of the pope (Paul V.), summoned to the palace of Cardinal 
Bellarmin, and there officially admonished not thenceforward to “hold, teach or 
defend” the condemned doctrine. This injunction he promised to obey. On the 
5th of March the Congregation of the Index issued a decree reiterating, with the 
omission of the word “heretical,” the censure of the theologians, suspending, 
usque corrigatur, the great work of Copernicus, De revolutionibus orbium 
coelestium, and absolutely prohibiting a treatise by a Carmelite monk named 
Foscarini, which treated the same subject from a theological point of view. At 
the same time it was given to be understood that the new theory of the solar 
system might be held ex hypothesi, and the trivial verbal alterations introduced 
into the Polish astronomer’s book in 1620, when the work of revision was 
completed by Cardinal Gaetani, confirmed this interpretation. This edict, it is 


essential to observe, the responsibility for which rests with a disciplinary 
congregation in no sense representing the church, was never confirmed by the 
pope, and was virtually repealed in 1757 under Benedict XIV. 

Galileo returned to Florence three months later, not ill-pleased, as his letters 
testify, with the result of his visit to Rome. He brought with him, for the 
refutation of calumnious reports circulated by his enemies, a written certificate 
from Cardinal Bellarmin, to the effect that no abjuration had been required of or 
penance imposed upon him. During a prolonged audience he had received from 
the pope assurances of private esteem and personal protection; and he trusted to 
his dialectical ingenuity to find the means of presenting his scientific convictions 
under the transparent veil of an hypothesis. Although a sincere Catholic, he 
seems to have laid but little stress on the secret admonition of the Holy Office, 
which his sanguine temperament encouraged him gradually to dismiss from his 
mind. He preserved no written memorandum of its terms, and it was represented 
to him, according to his own deposition in 1633, solely by Cardinal Bellarmin’s 
certificate, in which, for obvious reasons, it was glossed over rather than 
expressly recorded. For seven years, nevertheless, during which he led a life of 
studious retirement in the Villa Segni at Bellosguardo, near Florence, he 
maintained an almost unbroken silence. At the end of that time he appeared in 
public with his Saggiatore, a polemical treatise written in reply to the Libra 
astronomica of Padre Grassi (under the pseudonym of Lotario Sarsi), the Jesuit 
astronomer of the Collegio Romano. The subject in debate was the nature of 
comets, the conspicuous appearance of three of which bodies in the year 1618 
furnished the occasion of the controversy. Galileo’s views, although erroneous, 
since he held comets to be mere atmospheric emanations reflecting sunlight after 
the evanescent fashion of a halo or a rainbow, were expressed with such 
triumphant vigour, and embellished with such telling sarcasms, that his opponent 
did not venture upon a reply. The Saggiatore was printed at Rome in October 
1623 by the Academy of the Lincei, of which Galileo was a member, with a 
dedication to the new pope, Urban VIII., and notwithstanding some passages 
containing a covert defence of Copernican opinions, was received with 
acclamation by ecclesiastical, no less than by scientific authorities. 

Everything seemed now to promise a close of unbroken prosperity to 
Galileo’s career. Maffeo Barberini, his warmest friend and admirer in the Sacred 
College, was, by the election of the 8th of August 1623, seated on the pontifical 
throne; and the marked distinction with which he was received on his visit of 
congratulation to Rome in 1624 encouraged him to hope for the realization of his 
utmost wishes. He received every mark of private favour. The pope admitted 
him to six long audiences in the course of two months, wrote an enthusiastic 


letter to the grand-duke praising the great astronomer, not only for his 
distinguished learning, but also for his exemplary piety, and granted a pension to 
his son Vincenzio, which was afterwards transferred to himself, and paid, with 
some irregularities, to the end of his life. But on the subject of the decree of 
1616, the revocation of which Galileo had hoped to obtain through his personal 
influence, he found him inexorable. Yet there seemed reason to expect that it 
would at least be interpreted in a liberal spirit, and Galileo’s friends encouraged 
his imprudent confidence by eagerly retailing to him every papal utterance 
which it was possible to construe in a favourable sense. To Cardinal 
Hohenzollern, Urban was reported to have said that the theory of the earth’s 
motion had not been and could not be condemned as heretical, but only as rash; 
and in 1630 the brilliant Dominican monk Tommaso Campanella wrote to 
Galileo that the pope had expressed to him in conversation his disapproval of the 
prohibitory decree. Thus, in the full anticipation of added renown, and without 
any misgiving as to ulterior consequences, Galileo set himself, on his return to 
Florence, to complete his famous but ill-starred work, the Dialogo dei due 
massimi sistemi del mondo. Finished in 1630, it was not until January 1632 that 
it emerged from the presses of Landini at Florence. The book was originally 
intended to appear in Rome, but unexpected obstacles interposed. The Lincean 
Academy collapsed with the death of Prince Federigo Cesi, its founder and 
president; an outbreak of plague impeded communication between the various 
Italian cities; and the imprimatur was finally extorted, rather than accorded, 
under the pressure of private friendship and powerful interest. A tumult of 
applause from every part of Europe followed its publication; and it would be 
difficult to find in any language a book in which animation and elegance of style 
are so happily combined with strength and clearness of scientific exposition. 
Three interlocutors, named respectively Salviati, Sagredo, and Simplicio, take 
part in the four dialogues of which the work is composed. The first-named 
expounds the views of the author; the second is an eager and intelligent listener; 
the third represents a well-meaning but obtuse Peripatetic, whom the others treat 
at times with undisguised contempt. Salviati and Sagredo took their names from 
two of Galileo’s early friends, the former a learned Florentine, the latter a 
distinguished Venetian gentleman; Simplicio ostensibly derived his from the 
Cilician commentator of Aristotle, but the choice was doubtless instigated by a 
sarcastic regard to the double meaning of the word. There were not wanting 
those who insinuated that Galileo intended to depict the pope himself in the 
guise of the simpleton of the party; and the charge, though preposterous in itself, 
was supported by certain imprudences of expression, which Urban was not 
permitted to ignore. 


It was at once evident that the whole tenor of this remarkable work was in 
flagrant contradiction with the edict passed sixteen years before its publication, 
as well as with the author’s personal pledge of conformity to it. The ironical 
submission with which it opened, and the assumed indetermination with which it 
closed, were hardly intended to mask the vigorous assertion of Copernican 
principles which formed its substance. It is a singular circumstance, however, 
that the argument upon which Galileo mainly relied as furnishing a physical 
demonstration of the truth of the new theory rested on a misconception. The ebb 
and flow of the tides were, he asserted, a visible proof of the terrestrial double 
movement, since they resulted from inequalities in the absolute velocities 
through space of the various parts of the earth’s surface, due to its rotation. To 
this notion, which took its rise in a confusion of thought, he attached capital 
importance, and he treated with scorn Kepler’s suggestion that a certain occult 
attraction of the moon was in some way concerned in the phenomenon. The 
theological censures which the book did not fail to incur were not slow in 
making themselves felt. Towards the end of August the sale was prohibited; on 
the 1st of October the author was cited to Rome by the Inquisition. He pleaded 
his age, now close upon seventy years, his infirm health, and the obstacles to 
travel caused by quarantine regulations; but the pope was sternly indignant at 
what he held to be his ingratitude and insubordination, and no excuse was 
admitted. At length, on the 13th of February 1633, he arrived at the residence of 
Niccolini, the Tuscan ambassador to the pontifical court, and there abode in 
retirement for two months. From the 12th to the 30th of April he was detained in 
the palace of the Inquisition, where he occupied the best apartments and was 
treated with unexampled indulgence. On the 30th he was restored to the 
hospitality of Niccolini, his warm partisan. The accusation against him was that 
he had written in contravention of the decree of 1616, and in defiance of the 
command of the Holy Office communicated to him by Cardinal Bellarmin; and 
his defence consisted mainly in a disavowal of his opinions, and an appeal to his 
good intentions. On the 21st of June he was finally examined under menace of 
torture; but he continued to maintain his assertion that after its condemnation by 
the Congregation of the Index, he had never held the Copernican theory. Since 
the publication of the documents relating to this memorable trial, there can no 
longer be any doubt, not only that the threat of torture was not carried into 
execution, but that it was never intended that it should be. On the 22nd of June, 
in the church of Santa Maria sopra Minerva, Galileo read his recantation, and 
received his sentence. He was condemned, as “vehemently suspected of heresy,” 
to incarceration at the pleasure of the tribunal, and by way of penance was 
enjoined to recite once a week for three years the seven penitential psalms. This 


sentence was signed by seven cardinals, but did not receive the customary papal 
ratification. The legend according to which Galileo, rising from his knees after 
repeating the formula of abjuration, stamped on the ground, and exclaimed, 
“Eppur si muove!” is, as may readily be supposed, entirely apocryphal. Its 
earliest ascertained appearance is in the Abbé Irailh’s Querelles littéraires (vol. 
iii. , 1761). 

Galileo remained in the custody of the Inquisition from the 21st to the 24th of 
June, on which day he was relegated to the Villa Medici on the Trinita de’ 
Monti. Thence, on the 6th of July, he was permitted to depart for Siena, where 
he spent several months in the house of the archbishop, Ascanio Piccolomini, 
one of his numerous and trusty friends. It was not until December that his 
earnest desire of returning to Florence was realized, and the remaining eight 
years of his life were spent in his villa at Arcetri called “Il Giojello,” in the strict 
seclusion which was the prescribed condition of his comparative freedom. 
Domestic afflictions combined with numerous and painful infirmities to embitter 
his old age. His sister-in-law and her whole family, who came to live with him 
on his return from Rome, perished shortly afterwards of the plague; and on the 
2nd of April 1634 died, to the inexpressible grief of her father, his eldest and 
best-beloved daughter, a nun in the convent of San Matteo at Arcetri. Galileo 
was never married; but by a Venetian woman named Marina Gamba he had 
three children — a son who married and left descendants, and two daughters 
who took the veil at an early age. His prodigious mental activity continued 
undiminished to the last. In 1636 he completed his Dialoghi delle nuove scienze, 
in which he recapitulated the results of his early experiments and mature 
meditations on the principles of mechanics. This in many respects his most 
valuable work was printed by the Elzevirs at Leiden in 1638, and excited 
admiration equally universal and more lasting than that accorded to his 
astronomical treatises. His last telescopic discovery — that of the moon’s diurnal 
and monthly librations — was made in 1637, only a few months before his eyes 
were for ever closed in hopeless blindness. It was in this condition that Milton 
found him when he visited him at Arcetri in 1638. But the fire of his genius was 
not even yet extinct. He continued his scientific correspondence with unbroken 
interest and undiminished logical acumen; he thought out the application of the 
pendulum to the regulation of clockwork, which Huygens successfully realized 
fifteen years later; and he was engaged in dictating to his disciples, Viviani and 
Torricelli, his latest ideas on the theory of impact when he was seized with the 
slow fever which in two months brought him to the grave. On the 8th of January 
1642 he closed his long life of triumph and humiliation, which just spanned the 
interval between the death of Michelangelo and the birth of Isaac Newton. 


The direct services which Galileo rendered to astronomy are virtually 
summed up in his telescopic discoveries. To the theoretical perfection of the 
science he contributed little or nothing. He pointed out indeed that the so-called 
“third motion,” introduced by Copernicus to account for the constant parallelism 
of the earth’s axis, was a superfluous complication. But he substituted the 
equally unnecessary hypothesis of a magnetic attraction, and failed to perceive 
that the phenomenon to be explained was, in relation to absolute space, not a 
movement but the absence of movement. The circumstance, however, which 
most seriously detracts from his scientific reputation is his neglect of the 
discoveries made during his lifetime by the greatest of his contemporaries. 
Kepler’s first and second laws were published in 1609, and his third ten years 
later. By these momentous inductions the geometrical theory of the solar system 
was perfected, and a hitherto unimagined symmetry was perceived to regulate 
the mutual relations of its members. But by Galileo they were passed over in 
silence. In his Dialogo dei massimi sistemi, printed not less than thirteen years 
after the last of the three laws had been given to the world, the epicycles by 
which Copernicus, adhering to the ancient postulate of uniform circular motion, 
had endeavoured to reduce to theory the irregularities of the planetary 
movements, were neither expressly adopted nor expressly rejected; and the 
conclusion seems inevitable that this grave defection from the cause of progress 
was due to his perhaps unconscious reluctance to accept discoveries which he 
had not originated. His name is nevertheless justly associated with that vast 
extension of the bounds of the visible universe which has rendered modern 
astronomy the most sublime of sciences, and his telescopic observations are a 
standing monument to his sagacity and acumen. 

With the sure instinct of genius, he seized the characteristic features of the 
phenomena presented to his attention, and his inferences, except when distorted 
by polemical exigencies, have been strikingly confirmed by modem 
investigations. Of his two capital errors, regarding respectively the theory of the 
tides and the nature of comets, the first was insidiously recommended to him by 
his passionate desire to find a physical confirmation of the earth’s double 
motion; the second was adopted for the purpose of rebutting an anti-Copernican 
argument founded on the planetary analogies of those erratic subjects of the sun. 
Within two years of their first discovery, he had constructed approximately 
accurate tables of the revolutions of Jupiter’s satellites, and he proposed their 
frequent eclipses as a means of determining longitudes, not only on land, but at 
sea. This method, on which he laid great stress, and for the facilitation of which 
he invented a binocular glass, and devised some skilful mechanical contrivances, 
was offered by him in 1616 to the Spanish government, and afterwards to that of 


Tuscany, but in each case unsuccessfully; and the close of his life was occupied 
with prolonged but fruitless negotiations on the same subject with the states- 
general of Holland. The idea, though ingenious, has been found of little practical 
utility at sea. 

A series of careful observations made him acquainted with the principal 
appearances revealed by modern instruments in the solar spots. He pointed out 
that they were limited to a certain defined zone on the sun’s surface; he noted the 
faculae with which they are associated, the penumbra by which they are 
bordered, their slight proper motions and their rapid changes of form. He 
inferred from the regularity of their general movements the rotation of the sun on 
its axis in a period of little less than a month; and he grounded on the varying 
nature of the paths seemingly traversed by them a plausible, though 
inconclusive, argument in favour of the earth’s annual revolution. Twice in the 
year, he observed, they seem to travel across the solar disk in straight lines; at 
other times, in curves. These appearances he referred with great acuteness to the 
slight inclination of the sun’s axis of rotation to the plane of the ecliptic. Thus, 
when the earth finds herself in the plane of the sun’s equator, which occurs at 
two opposite points of her orbit, the spots, travelling in circles parallel with that 
plane, necessarily appear to describe right lines; but when the earth is above or 
below the equatorial level, the paths of the spots open out into curves turned 
downwards or upwards, according to the direction in which they are seen. But 
the explanation of this phenomenon is equally consistent with the geocentric as 
with the heliocentric theory of the solar system. The idea of a universal force of 
gravitation seems to have hovered on the borders of this great man’s mind, 
without ever fully entering it. He perceived the analogy between the power 
which holds the moon in the neighbourhood of the earth, and compels Jupiter’s 
satellites to circulate round their primary, and the attraction exercised by the 
earth on bodies at its surface; but he failed to conceive the combination of 
central force with tangential velocity, and was disposed to connect the 
revolutions of the planets with the axial rotation of the sun. This notion, it is 
plain, tended rather towards Descartes’s theory of vortices than towards 
Newton’s theory of gravitation. More valid instances of the anticipation of 
modern discoveries may be found in his prevision that a small annual parallax 
would eventually be found for some of the fixed stars, and that extra-Saturnian 
planets would at some future time be ascertained to exist, and in his conviction 
that light travels with a measurable, although, in relation to terrestrial distances, 
infinite velocity. 

The invention of the microscope, attributed to Galileo by his first biographer, 
Vincenzio Viviani, does not in truth belong to him. Such an instrument was 


made as early as 1590 by Zacharias Jansen of Middleburg; and although Galileo 
discovered, in 1610, a means of adapting his telescope to the examination of 
minute objects, he did not become acquainted with the compound microscope 
until 1624 when he saw one of Drebbel’s instruments in Rome, and, with 
characteristic ingenuity, immediately introduced some material improvements 
into its construction. 

The most substantial, if not the most brilliant part of his work consisted 
undoubtedly in his contributions towards the establishment of mechanics as a 
science. Some valuable but isolated facts and theorems had been previously 
discovered and proved, but it was he who first clearly grasped the idea of force 
as a mechanical agent, and extended to the external world the conception of the 
invariability of the relation between cause and effect. From the time of 
Archimedes there had existed a science of equilibrium, but the science of motion 
began with Galileo. It is not too much to say that the final triumph of the 
Copernican system was due in larger measure to his labours in this department 
than to his direct arguments in its favour. The problem of the heavens is 
essentially a mechanical one; and without the mechanical conceptions of the 
dependence of motion upon force which Galileo familiarized to men’s minds, 
that problem might have remained a sealed book even to the intelligence of 
Newton. The interdependence of motion and force was not indeed formulated 
into definite laws by Galileo, but his writings on dynamics are everywhere 
suggestive of those laws, and his solutions of dynamical problems involve their 
recognition. The extraordinary advances made by him in this branch of 
knowledge were owing to his happy method of applying mathematical analysis 
to physical problems. As a pure mathematician he was, it is true, surpassed in 
profundity by more than one among his pupils and contemporaries; and in the 
wider imaginative grasp of abstract geometrical principles he cannot be 
compared with Fermat, Descartes or Pascal, to say nothing of Newton or 
Leibnitz. Still, even in the region of pure mathematics, his powerful and original 
mind left notable traces of its working. He studied the properties of the cycloid, 
and attempted the problem of its quadrature; and in the “infinitesimals,” which 
he was one of the first to introduce into geometrical demonstrations, was 
contained the fruitful germ of the differential calculus. But the method which 
was peculiarly his, and which still forms the open road to discoveries in natural 
science, consisted in the combination of experiment with calculation — in the 
transformation of the concrete into the abstract, and the assiduous comparison of 
results. The first-fruits of the new system of investigation was his determination 
of the laws of falling bodies. Conceiving that the simplest principle is the most 
likely to be true, he assumed as a postulate that bodies falling freely towards the 


earth descend with a uniformly accelerated motion, and deduced thence that the 
velocities acquired are in the direct, and the spaces traversed in the duplicate 
ratio of the times, counted from the beginning of motion; finally, he proved, by 
observing the times of descent of bodies falling down inclined planes, that the 
postulated law was the true law. Even here, he was obliged to take for granted 
that the velocities acquired in descending from the same height along planes of 
every inclination are equal; and it was not until shortly before his death that he 
found the mathematical demonstration of this not very obvious principle. 

The first law of motion — that which expresses the principle of inertia — is 
virtually contained in the idea of uniformly accelerated velocity. The recognition 
of the second — that of the independence of different motions — must be added 
to form the true theory of projectiles. This was due to Galileo. Up to his time it 
was universally held in the schools that the motion of a body should cease with 
the impulse communicated to it, but for the “reaction of the medium” helping it 
forward. Galileo showed, on the contrary, that the nature of motion once 
impressed is to continue indefinitely in a uniform direction, and that the effect of 
the medium is a retarding, not an impelling one. Another commonly received 
axiom was that no body could be affected by more than one movement at one 
time, and it was thus supposed that a cannon ball, or other projectile, moves 
forward in a right line until its first impulse is exhausted, when it falls vertically 
to the ground. In the fourth of Galileo’s dialogues on mechanics, he 
demonstrated that the path described by a projectile, being the result of the 
combination of a uniform transverse motion with a uniformly accelerated 
vertical motion, must, apart from the resistance of the air, be a parabola. The 
establishment of the principle of the composition of motions formed a 
conclusive answer to the most formidable of the arguments used against the 
rotation of the earth, and we find it accordingly triumphantly brought forward by 
Galileo in the second of his dialogues on the systems of the world. It was urged 
by anti-Copernicans that a body flung upward or cast downward would, if the 
earth were in motion, be left behind by the rapid translation of the point from 
which it started; Galileo proved on the contrary that the reception of a fresh 
impulse in no way interfered with the movement already impressed, and that the 
rotation of the earth was insensible, because shared equally by all bodies at its 
surface. His theory of the inclined plane, combined with his satisfactory 
definition of “momentum,” led him towards the third law of motion. We find 
Newton’s theorem, that “action and reaction are equal and opposite,” stated with 
approximate precision in his treatise Della scienza meccanica, which contains 
the substance of lectures delivered during his professorship at Padua; and the 
same principle is involved in the axiom enunciated in the third of his mechanical 


dialogues, that “the propensity of a body to fall is equal to the least resistance 
which suffices to support it.” The problems of percussion, however, received no 
definitive solution until after his death. 

His services were as conspicuous in the statical as in the kinetical division of 
mechanics. He gave the first satisfactory demonstration of equilibrium on an 
inclined plane, reducing it to the level by a sound and ingenious train of 
reasoning; while, by establishing the theory of “virtual velocities,” he laid down 
the fundamental principle which, in the opinion of Lagrange, contains the 
general expression of the laws of equilibrium. He studied with attention the still 
obscure subject of molecular cohesion, and little has been added to what he 
ascertained on the question of transverse strains and the strength of beams, first 
brought by him within the scope of mechanical theory. In his Discorso intorno 
alle cose che stanno su l’acqua, published in 1612, he used the principle of 
virtual velocities to demonstrate the more important theorems of hydrostatics, 
deducing from it the equilibrium of fluid in a siphon, and proved against the 
Aristotelians that the floating of solid bodies in a liquid depends not upon their 
form, but upon their specific gravities relative to such liquid. 

In order to form an adequate estimate of the stride made by Galileo in natural 
philosophy, it would be necessary to enumerate the confused and erroneous 
opinions prevailing on all such subjects in his time. His best eulogium, it has 
been truly said, consists in the fallacies which he exposed. The scholastic 
distinctions between corruptible and incorruptible substances, between absolute 
gravity and absolute levity, between natural and violent motions, if they did not 
wholly disappear from scientific phraseology, ceased thenceforward to hold the 
place of honour in the controversies of the learned. Discarding these obscure and 
misleading notions, Galileo taught that gravity and levity are relative terms, and 
that all bodies are heavy, even those which, like the air, are invisible; that motion 
is the result of force, instantaneous or continuous; that weight is a continuous 
force, attracting towards the centre of the earth; that, in a vacuum, all bodies 
would fall with equal velocities; that the “inertia of matter” implies the 
continuance of motion, as well as the permanence of rest; and that the substance 
of the heavenly bodies is equally “corruptible” with that of the earth. These 
simple elementary ideas were eminently capable of development and 
investigation, and were not only true but the prelude to further truth; while those 
they superseded defied inquiry by their vagueness and obscurity. Galileo was a 
man born in due time. He was superior to his contemporaries, but not isolated 
amongst them. He represented and intensified a growing tendency of the age in 
which he lived. It was beginning to be suspected that from Aristotle an appeal 
lay to nature, and some were found who no longer treated the ipse dixit of the 


Stagirite as the final authority in matters of science. A vigorous but ineffectual 
warfare had already been waged against the blind traditions of the schools by 
Ramus and Telesius, by Patricius and Campanella, and the revolution which 
Galileo completed had been prepared by his predecessors. Nevertheless, the task 
which he so effectually accomplished demanded the highest and rarest quality of 
genius. He struck out for himself the happy middle path between the a priori and 
the empirical systems, and exemplified with brilliant success the method by 
which experimental science has wrested from nature so many of her secrets. His 
mind was eminently practical. He concerned himself above all with what fell 
within the range of exact inquiry, and left to others the larger but less fruitful 
speculations which can never be brought to the direct test of experiment. Thus, 
while far-reaching but hasty generalizations have had their day and been 
forgotten, his work has proved permanent, because he made sure of its 
foundations. His keen intuition of truth, his vigour and yet sobriety of argument, 
his fertility of illustration and acuteness of sarcasm, made him irresistible to his 
antagonists; and the evanescent triumphs of scornful controversy have given 
place to the sedate applause of a long-lived posterity. 

The first complete edition of Galileo’s writings was published at Florence 
(1842-1856), in 16 8vo vols., under the supervision of Signor Eugenio Albéri. 
Besides the works already enumerated, it contained the Sermones de motu 
gravium composed at Pisa between 1589 and 1591; his letters to his friends, with 
many of their replies, as well as several of the essays of his scientific opponents; 
his laudatory comments on the Orlando Furioso, and depreciatory notes on the 
Gerusalemme Liberata, some stanzas and sonnets of no great merit, together 
with the sketch of a comedy; finally, a reprint of Viviani’s Life, with valuable 
notes and corrections. The original documents from the archives of the 
Inquisition, relating to the events of 1616 and 1633, recovered from Paris in 
1846 by the efforts of Count Rossi, and now in the Vatican Library, were to a 
limited extent made public by Monsignor Marino-Marini in 1850, and more 
unreservedly by M. Henri de l’Epinois, in an essay entitled Galilée, son proces, 
sa condemnation, published in 1867 in the Revue des questions historiques. He 
was followed by M. Karl von Gebler, who, in an able and exhaustive but 
somewhat prejudiced work, Galileo Galilei und die römische Curie (Stuttgart, 
1876), sought to impeach the authenticity of a document of prime importance in 
the trial of 1633. He was victoriously answered by Signor Domenico Berti, in I] 
Processo originale di Galileo Galilei (Rome, 1876), and by M. de 1’Epinois, 
with Les pièces du procès de Galilée (Rome, Paris, 1877). The touching letters 
of Galileo’s eldest daughter, Sister Maria Celeste, to her father were printed in 


1864 by Professor Carlo Arduini, in a publication entitled La Primogenita di 
Galileo Galilei. 


The issue of a “national edition” of the Works of Galileo, in 20 large volumes, was begun at Florence in 
1890. It includes a mass of previously inedited correspondence and other documents, collected by the 
indefatigable director, Professor Antonio Favaro, among whose numerous publications on Galilean subjects 
may be mentioned: Galileo e lo studio di Padova (2 vols., 1883); Scampoli Galileani (12 series, 1886— 
1897); Nuovi Studii Galileani (1891); Galileo Galilei e Suor Maria Celeste (1891). See also Th. Henri 
Martin’s Galilée, les droits de la science et la méthode des sciences physiques (1868); Private Life of 
Galileo (by Mrs Olney, 1870); J.J. Fahie’s Galileo; his Life and Work (1903); Galilée et Marius, by J.A.C. 
Oudemans and J. Bosscha (1903). The relations of Galileo to the Church are temperately and ably discussed 
by F.R. Wegg-Prosser in Galileo and his Judges (1889), and in two articles published in the American 
Catholic Quarterly for April and July 1901. 
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Basilica of Santa Croce, Florence — Galileo’s final resting place 
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